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CHAPTER  I 

TREATMENT  OF  THE  NEURALGIAS  AND  NEURITIDES 

By  SIDNEY  I.  SCHWAB,  M.D. 

From  the  standpoint  of  treatment  the  neuralgias  and  neuritides 
may  be  taken  together,  as  they  present  to  the  neurologist  almost 
identical  problems.  They  are  disturbances  in  the  function  of  the 
peripherial  nervous  mechanism,  having  to  do  with  pain  and  abnormali- 
ties of  sensation,  and  with  motor  anomalies,  all  the  w^ay  from  slight 
variations  of  voluntary  movement  to  complete  paralysis;  and,  again, 
with  various  combinations  of  both. 

Pathologically,  there  is  very  likely  a  common  basis.  The  two 
together  may  be  taken  as  an  expression  of  an  inflammatory  process 
in  the  peripheral  nerve  structure,  which  is  sufficiently  crude  in  its 
histological  manifestations  to  be  the  subject  of  microscopic  demon- 
stration in  the  case  of  neuritis  and  to  escape  it  in  a  majority  of  the 
neuralgias.  The  term  inflammation  must  be  taken  in  this  instance  in 
a  very  crude  sense,  implying  anything  from  a  marked  infiltration  of 
the  myelin  sheath  and  surrounding  perineural  and  connective-tissue 
structures  vnth  the  products  of  an  inflammatory  process — plasma  cells, 
round  cells,  bacterial  invasion,  etc. — and  gross  mechanical  alterations 
due  to  crushing,  tearing,  and  cutting  of  the  nerves,  to  finer  changes  in 
the  intimate  structure  of  the  nerve  which  escape  microscopic  demon- 
stration. It  must  be  thought  of  as  a  change  differing  very  little  in 
some  instances  from  that  produced  by  the  normal  activity  of  the 
nerve,  whatever  that  may  be  considered  to  be. 

It  is  this  broad  field  of  pathological  phenomena  and  the  correspond- 
ingly involved  therapeutic  problem  that  give  to  the  neuritis  and  neu- 
ralgias their  great  interest  and  importance.  Etiologically,  the  two  may 
be  considered  as  intimately  connected,  for  a  common  causative  incident 
may  produce  in  the  one  case  a  neuralgia  and  in  the  other  a  neuritis. 

Owing  to  this  complexity  of  pathological  changes,  it  is  easily  seen 
that  there  must  be  somewhere  a  limited  territory  in  which  the  neu- 
ritides and  the  neuralgias  cannot  be  differentiated.  Here  slight  changes 
pass  over  into  negative  findings,  and  the  symptoms  do  not  follow  as 
accurately  as  the  causes  which  underlie  them  might  imply.  In  this 
field  a  differential  diagnosis  between  the  two  conditions  is  almost 
VOL.  II— 2  (17) 
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impossible  and  the  clinical  manifestations  are  completel}'^  a  matter 
of  doubt.  It  is  in  this  place,  too,  that  the  pure  types  of  neuralgias  lose 
something  of  their  characteristic  clinical  manifestations  and  the  neu- 
ritides,  on  the  other  hand,  take  on  something  of  the  neuralgic  mani- 
festations. Therefore,  the  two  processes  are  intimately  related;  at 
either  extreme  the  types  are  sharply  differentiated  with  a  tendency  to 
approach,  as  has  been  said,  the  Grenzgebiet,  where  the  pathological, 
the  etiological,  and  the  therapeutic  problems  are  practically  identical. 

There  are  three  important  causative  factors  at  work  in  the  production 
of  neuralgic  and  neuritic  manifestations: 

1.  There  are  the  various  types  or  subvarieties  of  mechanically 
acting  processes,  such  as  crushing,  pressure,  tearing,  cutting,  etc. 
These  produce  destruction  of  the  peripheral  nerve  tissue  as  such. 

2.  There  are  changes  produced  in  the  nerves  due  to  poisons  of  an 
absorbable  sort,  introduced  from  without,  such  as  lead,  alcohol, 
arsenic,  etc. 

3.  There  are  changes  produced  by  the  action  of  organisms  or  their 
products  by  poisons  of  an  endogenous  nature,  such  as  diabetes,  the 
so-called  auto-intoxication  processes,  and  others  of  a  similar  nature. 

It  is  to  be  understood  that  this  classification  is  made  solely  to  facili- 
tate therapeutic  ends  and  does  not  rest  upon  any  more  significant 
differentiation. 

NEURALGIAS 

Primarily,  neuralgia  means  pain,  or  a  painful  sensation  of  a  certain 
kind,  limited  to  the  sensory  distribution  of  a  peripheral  nerve,  or  nerves, 
or  referred  to  the  surface  distribution,  pressure  upon  which  causes  a 
typical,  though  not  severe,  neuralgic  pain.  Neuralgias  are  the  sensory 
anomalies  of  the  motor  disturbance,  to  which  the  term  neuritis  is  given ; 
that  is,  a  similar  process  limited  chiefly  to  sensory  nerves  is  spoken 
of  as  neuralgia,  while  the  identical  process  in  a  mixed  motor  and 
sensory  disturbance  is  regarded  as  neuritis.  This  is  the  clinical  differ- 
entiation, but,  as  a  matter  of  experience,  the  neuritides  are  the  result 
of  gross  changes  in  the  peripheral  nerve,  which  frequently  can  be 
demonstrated  under  the  microscope,  whereas  in  neuralgias  just  as  fre- 
quently the  microscopic  changes  bear  no  definite  relation  to  the  clinical 
symptoms.  In  the  case  of  a  mixed  nerve,  where,  in  addition  to  the 
motor  disturbance,  there  is  at  the  same  time  pain,  it  is  better  to 
regard  the  process  as  neuritic,  rather  than  neuralgic. 

The  therapeutic  problem  in  all  neuralgias  is  primarily  the  temporary, 
or  permanent,  relief  of  the  chief  symptom,  pain.  To  do  this  necessarily 
implies  an  imderstanding  of  the  producing  agent  of  the  pain  and  the 
underlying  factors  at  work.  To  accomplish  this,  two  sets  of  facts  must 
be  obtained,  one  having  to  do  with  the  cause  locally  at  work  at  the 
point  of  pain  production,  and  the  other  having  to  do  with  the  under- 
lying causes,  if  ai\v,  which  are  the  activating  agencies  back  of  the  local 
area  of  disturbance.  To  illustrate:  A  neuralgia  in  the  lumbar  region 
may  be  due  to  arthritis,  or  osteitic  changes  in  the  spinal  column.  This 
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causes  a  mechanically  produced  pain  by  pressure  on  the  posterior 
nerve  roots.  The  underlying  causes  in  such  an  instance  are  the  pro- 
cesses causing  the  arthritic  changes,  which  are  probably  of  a  metabolic 
sort.  The  neuralgic  manifestations  are  due  purely  to  the  locally  effec- 
tive pressure  on  the  posterior  nerve  roots  and  are  only  an  expression  of 
a  much  more  general  abnormal  process. 

A  complete  therapy  would  necessarily  imply  treatment  of  both  the 
local  and  the  general  causes.  The  one,  perhaps,  by  mechanical  means, 
and  the  other  by  measures  adequately  designed  to  counteract  the 
general  process.  It  is  possible,  however,  only  in  a  few  instances  to  do 
this,  but  it  is  well  to  keep  in  mind  the  larger  therapeutic  problem  so 
frequently  involved. 

The  neuralgias,  for  purposes  of  therapeutic  attack,  are  capable  of 
various  sorts  of  classification,  depending  upon  the  point  of  view — 
regional,  etiological,  pathological,  etc.  No  one  classification  with  our 
present  knowledge  can  be  regarded  as  at  all  satisfactory,  and  that  classi- 
fication which  presents  a  certain  convenience  for  descriptive  exposition 
will  be  here  adopted — in  the  main,  it  will  be  a  regional  classification. 

For  purposes  of  description,  the  term  neuralgia  may  be  regarded 
as  somewhat  elastic,  as  some  of  the  so-called  pain  symptoms  given 
a  formal  terminal  designation  are  really  not  neuralgic  according  to  a 
strict  interpretation  of  the  meaning  of  that  term. 

Quintus  Neuralgia. — The  most  important  cranial  nerve  which 
becomes  the  seat  of  neuralgic  pain  is  the  trigeminus.  This  is  a  pro- 
totype of  the  classical  neuralgias  and  has  been  taken  for  a  long  time 
as  the  best  example  of  the  clinical  picture  of  neuralgia— not  only  on 
account  of  the  typical  character  of  the  pain,  but  because  its  ana- 
tomical distribution  has  brought  out  so  sharply  this  feature  of  a 
typical  neuralgia. 

Types. — Therapeutically  considered,  the  neuralgias  of  the  fifth 
nerve  present  two  distinct  types  to  be  regarded  chiefly  from  the  point 
of  view  of  intensity,  continuousness,  and  the  influence  on  the  life, 
activity  and  capacity  of  the  patient.  This  distinction  is  purely  one 
based  upon  the  severity  of  the  symptoms.  The  symptomatic  mani- 
festations of  trigeminal  neuralgia  cover  a  wide  field,  from  the  slight 
twinge  characteristic  of  pain  felt  somewhere  in  the  distribution  of  the 
fifth  nerve,  due  to  some  slight  irritation,  to  the  dramatic  picture  of 
intense  suffering  seen  in  the  extreme  tic  douloureux.  It  is  thus  seen  that 
neuralgia  of  the  fifth  nerve  may  be  so  slight  as  almost  to  escape  attention ; 
or,  again,  so  severe  that  the  patient  cannot  possibly  live,  or  be  active 
in  the  presence  of  the  intense  pains.  It  can,  therefore,  be  easily  seen 
that  therapeutically  an  effort  at  relief  must  be  largely  influenced  by 
the  severity  of  the  symptoms.  In  order  to  form  a  basis  for  a  proper 
therapy  for  trigeminal  neuralgia,  it  is  necessary  to  have  some  idea 
of  the  anatomical  distribution  of  the  sensory  portion  of  the  nerve, 
both  in  extent  and  location. 

Anatomy  and  Distribution  of  Fifth  Nerve. — The  Gasserian  ganglion 
imbedded  in  Meckel's  cavity  is  the  peripherally  lying  sensory  nucleus 
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of  the  fifth  nerve,  analogous  to  a  posterior  root  ganglion  of  a  spinal 
sensory  nerve.  The  axones  of  the  unipolar  ganglion  cells  divide  into 
two  branches:  One  branch  is  extended  peripherally,  constituting  the 
peripheral  nerve,  the  course  of  which  will  be  described  later;  the  other 
passes  centrally  toward  the  pons  and  enters  it  on  its  lateral  aspect  and 
runs  to  the  sensory  end  nucleus  of  the  trigeminus,  in  close  relation  to 
the  motor  nucleus  of  the  same  nerve.  The  internal  fibers  then  divide 
nto  an  ascending  and  descending  branch.  The  ascending  branch 
ends  within  the  sensory  nucleus,  within  the  pontine  tegmentum;  the 
descending  branches  can  be  followed  as  far  as  the  cervical  cord, 
being  gradually  lost  in  the  substantia  gelatinosa  Rolandii  which  caps 
the  posterior  horn. 

From  the  sensory  end-nucleus  the  second  neurone  arises.  The 
fibers  pass  toward  the  midline,  giving  off  collaterals  to  the  nucleus 
of  the  facial  nerve,  cross  to  the  fillet  tract  of  the  opposite  side,  then 
turn  upward  and  run  forward  (partly  within  the  medial  fillet  and  partly 
as  a  more  laterally  placed  special  ascending  bundle),  and  later  enter 
the  thalamus  with  the  median  fillet.  Finally,  a  third  neurone  succeeds 
the  second  one  linking  the  thalamus  with  the  sensory  area  of  the  cortex. 
Sensory  fibers,  which  pass  direct  to  the  cerebellum  as  constituents 
of  the  direct  sensory  cerebellar  tract  are  also  to  be  considered;  further, 
there  are  fibers  which  pass  from  the  sensory  end-nucleus  to  the  cere- 
bellum as  constituents  of  the  tractus  nucleocerebellaris.  (Adapted 
from  Villiger.) 

The  sensory  root,  upon  which  the  Gasserian  ganglion  is  located, 
divides  below  the  ganglion  into  three  divisions,  of  which  the  first  two 
are  entirely  sensory.  The  motor  root  courses  beneath  the  Gasserian 
ganglion,  and  then  joins  the  third  division,  which  thus  becomes  a 
mixed  nerve. 

The  first,  or  ophthalmic,  division  passes  through  the  sphenoidal 
fissure  into  the  orbit  and  supplies  the  eyeball  and  lacrymal  gland,  the 
conjunctiva  (except  that  of  the  lower  lid),  the  skin  of  the  forehead 
and  scalp  up  to  the  vertex,  the  mesial  part  of  the  skin  of  the  nose,  and 
the  mucous  membrane  of  the  upper  part  of  the  nasal  cavity.  It  also 
contains  efferent  pupil-dilating  fibers  derived  from  the  cervical  sympa- 
thetic, joining  it  at  the  Gasserian  ganglion,  and  going  to  tlie  iris. 

The  second,  or  superior  maxillary,  division  passes  through  the  foramen 
rotundum  across  the  sphenomaxillary  fossa  to  the  infra-orbital  canal. 
In  the  sphenomaxillary  fossa  it  is  connected  with  JNIeckel's  ganglion, 
which  gives  off,  with  other  branches,  the  Vidian  nerve.  This  latter 
runs  backward  to  join  the  facial  nerve,  the  posterior  end  of  the  V  idian 
being  named  the  great  superficial  petrosal.  The  superior  maxillary 
division  supplies  the  skin  of  the  upper  lip,  the  side  of  the  nose  and 
adjacent  part  of  the  cheek,  the  lower  eyelid  and  part  of  the  temple. 
It  also  supplies  the  conjunctiva  of  the  lower  lid,  the  upper  teeth,  the 
mucous  membrane  of  the  upper  lip,  the  upper  part  of  the  cheek,  upper 
jaw,  uvula,  tonsil,  nasopharynx,  middle  ear,  and  lower  part  of  the 
nasal  cavity. 
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The  third,  or  inferior  maxillary,  division  is  a  mixed  nerve.  It  emerges 
through  the  foramen  ovale.  The  motor  fibers  supply  the  masseter, 
temporal,  both  pterygoid,  tensor  tympani,  mylohyoid,  and  anterior 
belly  of  the  digastric  muscles.  The  sensory  fibers  supply  the  skin 
of  the  posterior  part  of  the  temple  and  adjacent  part  of  the  pinna, 
the  anterior  and  upper  wall  of  the  external  auditory  meatus,  as  far 
as  and  including  the  anterior  part  of  the  drum,  part  of  the  cheek,  the 
lower  lip  and  chin,  also  the  lower  teeth  and  gums,  the  tongue  (as  far 
back  as  the  circumvallate  papillae),  floor  of  mouth,  inner  surface  of 
cheek,  and  salivar}^  glands. 

This,  in  a  general  way,  will  give  some  idea  of  the  widespread  area  of 
the  fifth  nerve  and  will  serve  in  a  measure  to  explain  the  great  variety 
of  symptoms,  both  in  distribution  and  quality,  wiiich  the  affection 
that  is  here  being  considered  will  show. 

In  addition  to  the  usual  symptom  of  pain  which  neuralgia  of  the  fifth 
nerve  shows,  there  is  a  form  in  which  the  clinical  picture  is  somewhat 
more  complicated  by  the  addition  of  motor  symptoms;  that  is,  in  the 
variety  known  by  the  name  of  tic  douloureux.  This  may  be  regarded 
merely  as  a  measure  of  the  pain  intensity,  but  does  not  separate  the 
therapy  from  the  other  types  of  severe  trigeminal  neuralgia.  When 
the  combination,  however,  of  spasm  and  pain  is  met  with  it  is  a  sure 
evidence  that  we  are  dealing  with  one  of  the  severest  types  of  facial 
neuralgia. 

In  a  general  way,  all  neuralgias  of  the  fifth  nerve  must  be  regarded 
as  a  manifestation  of  some  known  or  unknown  form  of  sensory  irrita- 
tion. \^Tiether  this  is  to  be  located  extratrigeminally,  or  in  the  dis- 
tribution of  the  nerve  itself,  cannot  always  be  determined.  At  any 
rate,  the  first  thing  to  consider  in  the  presence  of  neuralgia  of  the  fifth 
nerve  in  any  degree  of  severity  is  to  note  and  discover  the  possibility 
of  a  demonstrable  lesion,  acting  upon  the  fifth  nerve  as  such. 

When  the  widespread  distribution  of  the  fifth  nerve  is  considered, 
together  with  its  close  relationship  to  bone  and  bone  cavities,  the  pos- 
sible etiological  factors  become  at  once  manifest,  and  no  degree  of  care 
is  too  exacting,  which  has  for  its  purpose  the  discovery  of  some  definite 
cause,  particularly  such  as  might  act  purely  mechanically  by  pressure 
in  any  of  its  manifold  varieties.  A  careful  examination  of  the  teeth 
and  gums  and  of  all  the  sinuses  in  which  the  fifth  nerve  has  any  possible 
distribution  is  among  the  first  considerations,  and  the  correction  and 
modification  of  abnormal  processes  if  found  is  of  the  utmost  importance. 
It  might  be  stated  here,  however,  that  even  with  the  correction  of  the 
manifestly  mechanical  causes  of  irritation,  the  relief  of  pain  does  not 
necessarily  follow,  for  the  reason  that  the  inflammatory  process  set 
up  in  the  sensory  nerve  does  not  always  cease  with  the  removal  of  the 
cause.  This  explains,  probably,  why  the  percentage  of  cures  following 
correction  of  very  obvious  defects  in  the  teeth,  gums,  or  sinuses  is 
so  low. 

Treatment. — In  the  light  of  manifestations  of  trigeminal  neuralgia, 
the  treatment  should  be  directed,  after  the  considerations  previously 
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noted,  purely  to  the  relief  of  pain  and  the  measures  that  are  at  our 
command  to  be  used  and  rejected  are  largely  governed  by  the  severity 
of  the  pain  manifestations.  Of  great  importance  is  the  fact  that  in 
the  presence  of  periodically  occurring  pain  only  such  analgesics  sliould 
be  used  as  carry  with  them  no  habit-forming  tendency  and  no  influence 
upon  the  general  welfare  of  the  patient  and  no  tendency  toward 
lessening  the  pain-bearing  capacity;  therefore,  morphine  and  its  various 
derivatives,  or  substitutes,  should  not  be  used,  except  in  extreme 
cases,  or  to  tide  over  the  interval  leading  to  surgical  measures.  When, 
after  the  use  of  more  or  less  prolonged  treatment  with  the  milder 
analgesics,  such  as  aspirin,  salicylates,  and  others  belonging  to  that 
class,  the  attacks  of  neuralgia  are  not  materially  lessened,  and  when 
the  attacks  begin  to  become  a  more  or  less  serious  menace  to  the 
patient's  comfort,  peace  of  mind,  ability  to  work,  or  to  live  out  his 
accustomed  life,  then  relief  through  surgical  treatment  must  be  con- 
sidered. This  statement  is,  naturally,  conditioned  upon  measures 
planned  for  the  correction  of  abnormal  processes  in  the  mouth,  gums, 
and  cranial  sinuses. 

Surgical  Treatment. — There  are  at  present  two  distinct  surgical 
procedures  in  common  use.  Both  are  essentially  based  on  the  same 
general  idea;  that  is,  they  both  attempt  to  cut  off  from  the  brain, 
where  the  central  interpretation  area  of  pain  must  be  located,  the 
peripherally  lying  segment  of  the  trigeminal  nerve  where  the  actual 
process  of  pain  initiation  must  be.  The  two  methods  include  (1) 
an  attack  on  the  Gasserian  ganglion  itself  or  the  sensory  root  of  the 
ganglion;  and  (2)  a  peripherially  lying  operation,  such  as  alcohol 
injection  into  the  three  main  divisions  of  the  Gasserian  ganglion,  or 
at  their  points  of  exit  through  the  bones,  or  the  cutting  or  tearing  of 
peripheral  branches  as  they  appear  at  'the  foramina  of  exit  of  the 
three  main  divisions.  The  latter  operation  is  mentioned  here  more 
for  the  reason  of  its  historical  interest  than  its  present-day  usage,  as 
the  former  operation  has  largely  given  way  to  the  alcohol  procedure. 

Alcohol  Injections. — ^The  technique  of  the  latter  operation  has  been 
elaborated  in  this  country  chiefly  by  Patrick  and  Hecht.  It  can  be  carried 
out  successfully  after  a  careful  study  of  the  bony  landmarks.  If  care 
and  cleanliness  are  used  the  operation  is  neither  difficult  nor  dangerous. 
Reference  to  Chapter  XVII  by  Halstead  will  enable  the  reader  to  grasp 
the  essentials  of  the  operation.  Much  depends  for  its  success  upon 
an  accurate  fixing  in  the  operator's  mind  of  the  direction  and  dc]ith  to 
which  the  needle  should  be  inserted.  Inasmuch  as  the  alcoholic  degen- 
eration of  the  nerve  is  not  permanent  relief  of  pain  is  only  temporary. 
Complete  relief,  as  given  by  the  various  writers  on  the  use  of  this 
method,  averages  about  nine  months.  In  some  cases  the  operation 
must  be  repeated  a  number  of  times. 

Neuralgias  of  the  first  ophthalmic  division  cannot  be  treated  by  this 
method,  on  account  of  the  possible  danger  to  the  eye. 

There  is,  therefore,  in  the  alcohol  injection  of  the  second  and  lower 
branches  of  the  trigeminus  a  ready  method  of  affording  almost  instan- 
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taneoiis  relief  for  the  milder  and  nioderatel}^  severe  grades  of  trigeminal 
neuralgia,  when  the  relief  to  be  obtained  is  not  necessarily  permanent 
and  when  the  repetition  of  the  operation,  if  necessary,  offers  no  partic- 
ular objection.  If  we  consider  that  the  greater  majority  of  all  neuralgias 
of  the  fifth  nerve  belong  to  this  rather  milder  class,  and,  further,  when 
it  is  remembered  that  neuralgias  of  this  kind  show  a  curious  tendency 
to  disappear,  or  become  less  pronounced  as  the  patient  advances  in 
years,  then  the  alcohol  operation  seems  to  be  a  very  practical  and 
efficient  means  of  securing  relief.  By  repeating  the  operation  a  few 
times,  the  period  during  which  the  attacks  may  be  expected  to  appear 
can  be  easily  bridged  over. 

Gasserian  Operation. — For  the  severest  types  of  trigeminal  neu- 
ralgia, in  which  the  attacks  of  pain  are  so  frequent  or  so  destructive 
to  the  comfort  and  peace  of  mind  of  the  patient  as  to  be  almost  incom- 
patible with  living,  relief  is  so  necessary  that  no  recourse  to  milder 
measures  can  be  thought  of.  The  danger  in  this  class  of  cases  from  the 
morphine  habit  is  so  imminent,  and  so  serious  when  once  the  habit 
is  formed,  that  long  before  morphine  is  used  to  any  extent  the  more 
serious  operation  on  the  ganglion  should  be  considered.  If  this  operation 
is  successfully  performed,  it  is  impossible  for  the  patient  to  ever  after- 
ward have  any  manifestation  of  pain,  in  the  distribution  of  the  fifth  nerve 
upon  the  side  which  has  been  operated  upon,  because  either  the  removal 
of  the  ganglion  itself,  or  the  severing  of  the  sensor}^  root,  cuts  off  abso- 
lutely any  connection  between  the  brain  and  the  peripheral  distribution 
of  the  fifth  nerve.  It  has  been  proved  experimentally  that  there  is  no 
regeneration  centrally  of  the  sensory  branch  of  the  fifth  nerve. 

An  operation  on  the  Gasserian  ganglion  should,  therefore,  be  advised 
in  two  classes  of  cases — one  in  which  all  branches  of  the  facial  are 
involved  and  the  attacks  of  pain  are  of  the  above-described  severity, 
and  in  cases  in  which  no  relief  has  been  obtained  by  the  temporary 
procedure  of  alcoholization  in  its  various  methods.  In  the  hands  of 
a  few  skilful  operators  this  operation  has  become  much  less  dangerous. 
The  mortalit}^  is  not  much  greater — perhaps  less — than  many  other 
life-saving  operations.  It  must  not  be  forgotten  that  in  the  presence 
of  neuralgias  of  the  severest  form  relief  is  just  as  essential  from  the 
standpoint  of  life-saving  as  in  many  abdominal  emergencies,  let  us 
say,  and,  therefore,  the  operation  should  be  considered  much  in  the 
same  light  as  a  physician  would  consider  a  necessary  and  serious 
operation  for  the  maintenance  of  the  patient's  health  and  activity. 
Whether  the  ganglion  is  removed  entirely,  or  whether  the  sensory 
root  alone  is  severed,  are  matters  of  purely  technical  concern.  In 
either  case  relief,  and  permanent  relief,  is  practically  sure  to  follow, 
and  with  no  necessarily  untoward  consequences;  that  is,  if  the  modern 
technique  is  carried  out  with  care  and  skill,  in  the  hands  of  a  surgeon 
who  has  a  great  deal  of  experience  in  this  sort  of  work. 

In  summing  up,  therefore,  the  measures  that  can  be  directed  to 
counteract  the  efl'ects  of  neuralgias  of  the  trigeminus,  it  is  found  that 
for  all  varieties  there  are  measures  at  hand  which  are  sufficiently  effec- 
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tive  to  offer  to  the  patient  some  certain  promise  of  relief.  From  the 
milder  analgesics  to  the  Gasserian  operation,  each  adapted  rather  to 
the  degree  of  pain  and  its  effect  upon  the  patient  than  upon  qualitative 
variations,  there  is  a  wide  variation  of  therapeutic  procedures. 

Constitutional  Diseases  and  Quintus  Neuralgia. — ^There  are,  perhaps, 
certain  constitutional  diseases  which  seem  prone  to  excite  neuralgias 
in  the  trigeminal  distribution.  Just  how  these  work  is  not  at  present 
known.  At  any  rate,  the  patient  should  be  carefully  examined  in  each 
case  for  any  evidence  of  constitutional  disease.  For  example,  malaria  in 
some  cases  has  been  shown  to  be  the  probable- exciting  cause,  or,  at 
any  rate,  quinine  has  given  relief.  The  neuralgic  pain  in  suspected 
malarial  cases  is  supposed  to  take  on  a  certain  periodicity  comparable 
to  the  variations  in  the  symptoms  of  the  malaria  itself.  In  such  cases 
quinine  should  be  tried,  even  if  the  blood  shows  no  evidence  of»the 
malarial  organism.  Naturally,  syphilis  has  likewise  been  regarded  as  a 
probable  etiological  factor  in  certain  cases,  and  with  the  well-recognized 
tendency  of  syphilis  to  attack  the  bones,  it  is  easily  understood  that 
direct  mechanical  effects  could  be  exercised  upon  the  trigeminal  branches 
in  their  passage  from  bony  canals  to  the  skull,  on  their  way  to  the  exit 
foramina  in  the  face.  The  use  of  mercury  in  suspected  cases  of  this 
land  is  to  be  recommended,  though  it  would  appear  that  this  type 
of  facial  neuralgia  is  seldom  encountered.  The  Wassermann  blood  test 
is  useful  in  clearing  up  the  etiology  of  certain  sj'philitic  fifth-nerve 
neuralgias. 

The  tendency  of  diabetes  to  attack  the  sensory  nerves  is  well  knowTi, 
and  neuralgia  of  the  fifth  nerve  is  found  once  in  a  while  apparently  hav- 
ing some  relation  with  this  disease.  However,  the  frequency  of  diabetes 
attacking  the  teeth  and  gums  probably  accounts  for  the  prevalence 
of  neuralgias  of  the  fifth  nerve  when  found. 

A  rare  condition  which  causes  very  typical  fifth-nerve  neuralgia 
is  tumor  of  the  Gasserian  ganglion,  or  an  inflammatory  process  of  the 
bones  in  this  neighborhood.  Both  these  conditions  ^^•ill  exert  pressure 
in  a  very  distinct  way  and  give  rise  to  fairly  well-known  symptomatic 
groups.  A  differential  distinguishing  point  is  usually  the  involvement 
of  the  motor  division  of  the  fifth  nerve.  A  combination  of  neuralgic 
pains  in  the  distribution  of  the  trigeminus,  plus  involvement  of  the 
motor  division  of  the  fifth,  gives  a  clinical  picture  that  is  not  difficult 
to  recognize.  Although  this  condition  is  comparatively  rare,  it  should 
be  considered,  particularly  in  those  cases  which  do  not  respond  to 
any  of  the  therapeutic  measures  which  have  been  touched  upon.  It  is 
conceivable  that  pain  due  to  a  cerebral  tumor  might  be  referred  to 
the  distribution  of  the  trigeminus  and  be  masked  in  the  diagnosis 
by  the  presence  of  an  ordinary  trigeminal  neuralgia — in  fact,  such 
cases  have  been  described.  In  all  cases  of  severe  and  intractable 
trigeminal  neuralgia  every  efi'ort  should  be  made  to  exclude  all 
simulating  conditions,  for  it  is  only  then  that  remedial  measures 
can  be  directed  and  intelligently  applied  in  the  way  that  has  been 
described. 
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Cervico-occipital. — Pain  of  neuralgic  character  is  at  times  met  with 
in  the  distribution  of  the  occipital  and  cervical  nerves.  The  location 
of  this  pain  is  more  definite  and  characteristic  of  the  tj^pical  spasmodic, 
shooting  pain  in  the  distribution  of  the  sensory  nerves.  It  is  seldom 
met  with  as  an  isolated  symptom  group.  The  pain  area  is  in  the  back 
of  the  head  and  neck  and  can  only  be  diagnosticated  as  neuralgia  when 
all  other  causes  have  been  rigidly  excluded.  In  all  cases  of  persistent 
pain  in  this  region,  even  though  the  pain  is  characteristic  of  neuralgia, 
tumor  of  the  brain,  particularly  the  posterior  fossa,  should  be  carefully 
excluded.  The  nerves  affected  come  usually  from  the  first  four  cervical 
nerves,  and  it  is  impossible  to  determine  in  a  case  of  neuralgia  in  this 
region  whether  the  process  is  located  in  the  roots,  or  in  the  peripheral 
trunks.  Head's  law  of  reversal  of  epicritic  sensibility  may  be  of 
service  in  this  particular.  A  full  consideration  of  this  law  is  found  in 
the  chapter  by  Sherren.  A  careful  examination  should  be  directed 
toward  discovering  the  presence  of  arthritic  changes  in  the  upper 
cervical  vertebrae,  tuberculosis,  carcinoma,  and  particularly  metastasis 
from  cancer  of  the  breast. 

TreatjMENT. — Treatment  is,  naturally,  directed  toward  the  under- 
lying cause,  or  causes,  if  any  are  found  to  exist — in  fact,  any  cause 
which  mechanically,  or  toxically,  affects  the  upper  cervical  roots  might 
produce  manifestations  of  a  marked  neuralgic  character  in  the 
peripheral  distribution  of  the  nerves  which  came  from  these  roots. 
Influenza,  malaria,  and  other  infections  are  sometimes  followed  by  per- 
sistent neuralgic  pain,  and  the  treatment  is  logically  that  of  the 
disease  which  produced  it.  In  malaria,  naturally,  the  greatest  success 
will  be  obtained.  Syphilitic  neuralgias  in  this  area  are  not  infrequent. 
The  lesion  is  a  radiculitis  or  is  in  the  bony  structures.  Salvarsan 
and  mercury  are  indicated  here.  A  persistent  neuralgia  of  the  type 
found  in  the  fifth  nerve  is  a  rarity  in  this  sensory  distribution  and 
seldom  calls  for  the  radical  measures  so  frequently  found  necessary 
there. 

Vagus  Neuralgia. — The  question  of  the  possibility  of  neuralgia  of 
the  vagus  is  still  subject  to  considerable  doubt.  That  the  vagus  con- 
tains sensory  fibers  is  now  admitted,  but  whether  we  have  any  symp- 
tomatic expression  of  such  a  process  is  questionable.  The  pain  of 
angina  pectoris,  gallstone  colic,  certain  forms  of  tuberculous  processes 
in  the  pleura  and  other  similar  affections,  the  effects  of  which  would 
show  themselves  in  the  vagal  distribution,  should  theoretically,  without 
doubt,  give  rise  to  very  definite  neuralgia-like  symptoms,  but  as  yet 
we  are  in  no  position  to  consider  them  definitely  as  manifestations 
belonging  to  this  class.  They  may  be  considered,  more  likely,  as 
referred  pains  in  tlie  sense  of  Head  as  surface  projections  of  deeper- 
lying,  pain-producing  processes. 

As  far  as  treatment  is  concerned,  the  problem  is  that  of  the  chief 
etiological  factor  at  work,  and  whether  the  pain  s.ymptom  is  to  be  con- 
sidered as  neuralgia  or  not,  it  will  be  benefited  or  not  as  the  original 
process  reacts  favorably  or  the  reverse  to  treatment. 
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Brachialgia. — Neuralgic  pain  in  the  distribution  of  the  brachial 
plexus  is  a  very  common  disturbance  and  is  m^t  with  about  as  frequently 
as  trigeminal  neuralgia,  or  ischias.  It  seems  to  have  increased  since 
the  time  that  influenza  has  become  more  or  less  endemic,  following 
the  first  great  grippe  epidemic  in  the  early  90's. 

The  distinction  between  brachial  neuralgia  and  neuritis  is  "at  times 
rather  difficult  to  make,  but  if  we  limit  our  concepjtion  as  far  as  possible 
to  such  typical  painful  manifestations  in  the  nerves  of  the  brachial 
plexus  unaccompanied  by  evidence  of  paralysis,  or  degenerative  changes 
in  the  muscles,  and  other  symptoms  pointing  to  a  gross  process 
in  the  peripheral  nerves,  we  can,  perhaps,  have  a  sufficiently  clear 
delimitation  to  furnish  us  with  the  basis  for  the  proper  therapeutic 
efforts. 

Anatomy  and  Distribution. — The  brachial  plexus  is  made  up  from  the 
lower  four  cervical  roots  and  the  first  and  sometimes  the  second  dorsal 
root,  and  it  can  be  easily  seen,  therefore,  that  the  therapeutic  problem 
will  always  contain  within  itself  the  effort  to  distinguish  between  the 
root,  the  trunk,  and  the  branch  lesion.  This  can  frequently  be  done 
by  consideration  of  the  pain  localization,  together  with  the  points 
that  are  tender  to  pressure.  If  the  pain  is  described  as  lying  within 
the  surface  distribution  of  the  peripheral  nerve,  and  is  limited  to  that 
distribution,  then  the  conclusion  is  justified  that  w^e  are  dealing  vnth.  a 
peripheral  branch  process.  If,  however,  the  pain  is  distributed  over 
an  area  supplied  by  several  nerves,  if  limited  by  the  longitudinal  dis- 
tribution rather  than  according  to  the  extent  of  the  territory  involved, 
the  process  may  be  sought  either  at  the  roots  or  in  the  plexus  itself. 
The  problem  of  localization,  w^hether  root,  plexus,  or  a  peripheral 
branch,  is  important  and  can  be  solved  by  neurological  diagnostic 
methods  which  are  in  vogue  in  the  cases  of  neuritis  in  the  same 
locality,  and  will  be  considered  more  in  detail  in  the  chapter  devoted 
to  this  subject,  because  in  neuralgia  the  necessity  for  accurately  dis- 
tinguishing between  a  root  and  plexus  lesion  is  not  nearly  so  vitally 
important  as  in  the  case  of  the  neuritides,  where  surgical  procedures 
are  frequently  found  necessary,  and  where  the  problem  of  localization 
is  of  great  consequence. 

Symptoms. — The  symptomatology  is  essentially  that  of  neuralgia 
elsewhere  in  the  nervous  system,  the  pain  is  characteristic,  very  often 
severe,  coming  on  in  attacks  accompanied  by  tender  points  along  the 
course  of  the  nerves.  There  is  a  further  symptom  to  be  noted;  that  is, 
neuralgias  of  the  brachial  plexus  are  accompanied  by  a  certain  amount 
of  loss  of  muscular  power,  evidently  the  result  of  the  pain  when  motion  is 
attempted,  together  with  a  feeling  of  heaviness  and  paresthesia. 

In  every  case  of  neuralgia-like  pain  anywhere  in  the  distribution 
of  the  brachial  plexus  it  becomes  of  primary  importance  to  determine 
where  the  process  is  and  what  the  exciting  cause  may  possibly  be. 
Pain  in  the  arm  may  frequently  be  but  a  part  of  the  clinical  picture 
of  a  much  more  extensive  process,  which  may  be  located  in  the  cer\  ical 
spine,  or  shoulder-joints,  possibly  a  tumor  at  or  near  these  regions. 
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In  doubtful  cases  an  a:-ray  examination  is  essential  for  determining 
just  what  may  be  present.  Pain  of  a  distinct  neuralgic  character  may 
be  the  earliest  manifestation  of  a  tumor  of  the  spinal  cord,  or  an  arthritic 
process  in  the  cervical  spine,  or  a  distinct  localization  of  a  tabetic, 
or  syphilitic  tabetic-like  (meningomyelitis-radiculitis)  process  in  the 
cer\'ical  roots.  In  none  of  these  cases  need  there  be  any  evidence  of  a 
neuritic  change  whatever,  and  in  the  absence  of  any  definitely  localized 
motor  symptoms,  the  assumption  of  a  pure  neuralgic  process  for  the 
time  being  must  be  assumed.  An  important  early  symptom  of  cervicse 
Potts  is  a  root  neurologic  pain,  referred  to  the  elbow  region.  In  con- 
sidering the  possible  etiology  of  brachial  neuralgias  this  should  not 
be  forgotten. 

Treatment. — Treatment,  therefore,  in  the  first  instance  should  be 
directed  to  the  causation,  if  that  is  in  any  possible  way  to  be  reached 
by  direct  therapeutic  means. 

Like  most  of  the  neuralgias,  therapeutic  measures  should  be  planned 
to  correspond  to  the  severity  of  the  symptoms,  their  disabling  features 
and  their  effect  upon  the  individual  sufferer,  as  far  as  his  activity  and 
peace  of  mind  are  concerned.  For  the  most  severe  type,  that  in  which  the 
pain  attacks  are  almost  constantly  present  and  when  the  effect  upon 
the  patient  is  so  destructive  as  to  render  existence  almost  impossible,  a 
resection  of  the  posterior  root,  properly  performed,  offers  a  definite,  and 
sometimes  permanent,  measure  of  relief.  There  are  certain  necessary 
provisions  to  be  determined  before  this  procedure  should  be  resorted  to. 
First,  a  sufficient  number  of  posterior  roots  should  be  severed,  so  as  to 
include  the  total  sensory  supply  of  the  arm  and  the  unilateral  character 
of  the  pain  should  be  very  clearly  demonstrated,  for  the  reason  that  the 
crossing  of  the  fibers  to  the  other  side  in  the  cord  make  the  bilateral 
character  of  pain  almost  a  necessary  consequence.  In  the  more  moderate 
varieties  of  brachial  neuralgias,  however,  no  such  radical  measures 
are  necessary.  In  those  which  are  caused  by  disease  processes  in  the 
cervical  vertebrae,  relief  of  pain  depends  largely  upon  the  success  of 
treatment  directed  toward  the  underlying  causes,  the  measure  of  sup- 
port from  the  orthopedic  point  of  view,  mobilization,  and  other  like 
measures.  In  cases  of  new  growth  in  the  cervical  cord,  naturally  re- 
moval of  the  offending  factor  is  an  essential  step  toward  relief  of  pain. 
In  ordinary  neuralgias,  however,  whatever  their  cause  may  be  considered 
to  be,  toxic  or  the  result  of  an  infection,  local  measures  have  an  impor- 
tant place,  and  among  them  none  is  of  more  direct  value  than  hydro- 
therapeutic  measures  applied  to  the  seat  of  the  pain  in  the  arm.  It  is 
remarkable  to  observe  the  almost  immediate  relief  which  will  follow 
hot,  moist  applications  properly  used.  The  whole  arm  should  be 
immersed  in  hot  water  for  as  long  a  period  of  time  as  the  patient  can 
conveniently  stand  it.  Following  this,  the  arm  should  be  cnvclo])ed 
in  hot  moist  bags  extending  over  the  whole  area.  This  procedure 
should  be  repeated  a  number  of  times  a  day,  for  periods  of  about 
fifteen  minutes  at  a  time.  The  milder  forms  of  acute  neuralgic  attacks 
can  frequently  be  successfully  treated  in  this  way,  or,  at  least,  so  far 
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relieved  that  the  pain  ceases  to  be  of  any  consirlerable  importance. 
The  vahie  of  the  sahcylates,  or  aspirin,  or  similar  preparations  cannot 
be  disputed,  but  their  long-continued  use  soon  exhausts  their  power 
of  relief,  and  inasmuch  as  they  act  largely  as  pure  analgesics,  they 
soon  cease  to  be  effective,  and  their  consequences  in  the  way  of  gastric 
and  other  symptoms  are  not  very  agreeable. 

The  use  of  electric  light,  for  the  application  of  dry  heat,  long 
immersion  in  hot  water,  and  other  physical  methods  are  naturally  of 
some  benefit.  From  electricity  not  much  can  be  expected,  even  from 
what  may  be  called  the  psychical  effect,  but  with  the  exception  of  its 
use  in  the  acute  stages,  no  particular  objection  against  it  can  be  set 
down. 

A  word  should  be  said  here  against  the  indiscriminate  use  of  massage, 
particularly  in  the  initial  period  of  neuralgic  attacks.  In  the  presence 
of  tender  peripheral  nerves  even  very  mild  massage  is  contraindicated. 
Rest  is  an  advisable  method  of  treatment,  and  sometimes  splinting 
the  whole  arm  in  a  w-ell-arranged  bandage  serves  to  give  the  desired 
relief. 

Intercostal  Neuralgia. — This  is  a  very  common  form  of  neuralgia,  and 
probably  is  more  frequently  diagnosticated  than  its  occurrence  might 
justify.  Intercostal  neuralgia  is  a  neuralgic  pain  along  the  course 
of  any  of  the  intercostal  nerves,  or  in  several  of  them.  As  in  the 
case  of  brachialgia,  the  process  may  be  regarded  as  strictly  peripheral 
in  expression,  or  due  to  a  root  process  involving  several  of  the  periph- 
eral segments.  An  important  tiling  about  intercostal  neuralgia  is  the 
diagnosis.  Etiologically,  there  are  so  many  possible  factors  that  might 
produce  pain  in  this  distribution  that  care  must  be  taken  to  exclude 
processes  which  should  be  treated  of  themselves.  Therapeutically, 
this  important  point  is  easily  admitted.  Tuberculosis,  pleurisy,  pro- 
cesses about  the  posterior  nerve  roots,  tumors  of  the  breast,  medias- 
tinum, aneurysm,  and  various  other  general  conditions  may  cause  an 
intercostal  neuralgia  as  well  as  anemia,  pectoral  conditions,  sj^Dhilis,  etc. 

Of  particular  importance  are  the  neuralgic  symptoms  found  in 
herpes  zoster,  which  have  all  the  characteristics  of  a  root  neuralgia. 
As  might  be  expected,  these  are  lesions  in  the  posterior  root  ganglion. 

A  frequent  form  of  neuralgia  is  found  in  pregnant  women,  in  the 
early  months  of  pregnancy,  when  the  breast  first  becomes  enlarged. 
This  is  particularly  stubborn  and  presents  difficulties  in  treatment, 
but  with  the  establishment  of  the  flow  of  the  milk  and  the  regular 
filling  and  emptying  of  the  breast  the  pain  disappears.  What  has  been 
said  in  regard  to  treatment  of  the  other  forms  of  neuralgia  would  be 
true  here.  Mobilizing  the  chest  wall  by  adhesive  strapping  and  by 
tight  bandaging  can  often  be  tried  successfully,  especially  so  in  the 
exhaustive  forms. 

In  intercostal  neuralgia  particularly  a  diagnosis  of  the  underlying 
causes  is  of  the  utmost  importance,  because  among  the  causes  are 
many  that  offer  a  chance  for  successful  treatment,  or  the  effects  may 
be  made  less  annoying  by  intelligent  treatment. 
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In  all  cases  of  herpes  zoster  accompanied  by  neuralgic  pain  of  the 
root  variety,  care  must  be  taken  to  discover  if  the  zoster  symptoms 
are  not  part  of  a  process  in  the  spinal  cord  or  its  roots  of  a  degenerative 
kind.  Tabetic-like  lesions  may  show  themselves  first  by  the  outbreak 
of  a  crop  of  herpes  along  the  intercostal  distribution,  which  may  be 
for  a  time  the  only  definite  symptom  present. 

Mastodynia. — This  is  a  neuralgic  pain  which  has  its  location  in 
the  distribution  of  the  third  and  fifth  dorsal  segments,  and,  at  times, 
from  the  lower  cervical  segments.  It  is  rarely  seen  in  men,  and  most 
frequently  in  women  of  the  so-called  neurasthenic  type.  It  is  a  true 
neuralgia  and,  naturally,  all  organic  causes,  such  as  tumor  and  other 
processes  before  alluded  to,  should  be  excluded.  The  true  mastodynia 
should  be  differentiated  from  the  so-called  hysterical  breast,  described 
by  Charcot  under  the  term  "sein  hysterique."  In  the  latter  there 
exists  a  hypesthesia  of  the  skin  of  the  mammae,  which  can  easily  be 
demonstrated,  and  is  subject  to  the  usual  clinical  tests  for  hysterical 
sensory  disturbance.  " 

Apart  from  the  care  necessary  to  exclude  organic  conditions,  the 
treatment  of  mastodynia  needs  nothing  special  beyond  the  usual 
measures  which  have  been  described  in  the  other  neuralgias. 

Neuralgia  of  Lumbar  Plexus. — Neuralgias  of  the  lumbar  plexus 
include  in  their  distribution  the  sensory  nerves  which  spring  from  the 
fifth  lumbar  segment.  The  neuralgias  here  obey  the  same  laws  of 
distribution  seen  in  the  other  plexus  types.  There  are  the  root,  the 
plexus,  and  the  peripheral  distributions. 

Neuralgic  pains  here  are  rather  common,  but  they  seldom  have  as 
definite  a  symptomatology  as  some  of  the  other  types  of  plexus  neu- 
ralgias. It  is  evident  that  the  sense  of  accurate  projective  localization 
is  less  markedly  developed  than  in  the  brachial  types  for  instance. 

Neuralgias  of  the  gluteal  region  are  fairly  common.  Orchidynia 
should  be  mentioned  particularly,  although  the  pain  here  is  scarcely 
to  be  regarded  as  typically  neuralgic  in  character.  Paresthetic  sensa- 
tions are  more  frequently  met  with  than  typical  neuralgic  manifesta- 
tions; they  are  very  common  as  manifestations  of  organic  processes  in 
the  genital  tract  in  both  men  and  women.  The  gluteal  pain,  so-called 
backache,  found  frequently  as  a  part  of  the  symptoms  of  uterine 
displacements,  should  scarcely  be  included  in  a  description  of  neuralgias, 
though  at  times  their  symptomatic  manifestations  are  strikingly 
similar. 

Therapeutically  little  additional  can  be  said  for  the  neuralgias  here. 
The  possibility  of  organically  produced  pain  is  of  particular  importance, 
especially  in  all  cases  following  traumas  of  various  kinds.  Some  of 
the  painful  sensations  incident  to  traumatic  neuroses  of  various  sorts 
and  produced  in  various  ways  are  strikingly  like  neuralgia  and  it  is 
necessary  to  differentiate  carefully  between  the  two.  Neuralgic  mani- 
festations depending  upon  a  functional  disturbance  in  a  given  nerve 
distribution  are  sometimes  met  with.  They  are  pains  that  are  largely 
emotional  in  character  and  projected  mentally  to  a  certain  peripheral 
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distribution.  There  is  a  very  typical  neuralgic-like  pain  in  the  gluteal 
region,  in  the  distribution  of  the  internal  cutaneous  nerve,  following 
traumatism,  as  a  part  of  the  picture  of  the  traumatic  neuroses. 

Ischias  or  Sciatica. — Pain  in  the  sciatic  nerve,  sciatica,  or  ischias  is 
one  of  the  very  common  forms  of  neuralgia.  It  is  almost  as  frequently 
found  as  trigeminal  neuralgia,  and  its  consideration  gives  rise  to  many 
diagnostic  errors.  The  distribution  of  the  pain  lies  in  the  distribution 
of  the  upper  roots  of  the  sacral  plexus.  Symptomaticaily,  the  pain 
is  fairly  characteristic  of  the  typical  neuralgias.  The  sciatic  nerve, 
OMdng  to  its  exposed  position  and  to  its  long  course,  is  easily  palpable 
and  its  characteristic  tender  points  can  be  demonstrated  Vtithout 
difficulty,  especially  at  the  sciatic  foramen  and  in  the  popliteal  space. 
The  hyperextended  leg  flexed  toward  the  body  causes  a  very  charac- 
teristic pain,  shooting  from  the  exit  foramen  in  the  sacrum  down 
toward  the  heel,  with  marked  coincident  muscular  spasm  (Lasegue's 
sign).  This  is  almost  a  certain  proof  that  the  neuralgia  exists  in  that 
nerve. 

There  are  also  attacks  of  pain  in  the  sciatic  nerve  of  another  t^'pe. 
Here  the  pain  comes  in  sudden  attacks,  with,  apparently,  free  intervals 
between  them.  These  bear  no  definite  relation  to  the  position  in  which 
the  leg  happens  to  be  held.  In  some  patients  there  is  distinct  relief 
on  walking  and  on  making  other  movements,  whereas  in  others  total 
rest  is  a  necessity  if  pain  is  to  be  avoided.  It  is  very  necessary  in  sciatic 
neuralgia  to  differentiate  accurately  the  various  confusing  clinical 
pictures.  As  the  sciatic  is  a  mixed  nerve  and  because  of  its  great 
length,  wide  distribution,  large  size,  and  exposed  position,  it  is  likewise 
the  subject  of  many  neuritic  ipanifestations.  A  differential  diagnosis, 
therefore,  between  neuralgia  and  neuritis  is  sometimes  difficult,  and 
always  important.  It  is  questionable  whether  this  differentiation  can, 
or  should,  always  be  made,  for  there  are,  no  doubt,  pure  neuralgias 
which  develop  into  degenerative  neuritides.  If  there  is  evidence  of  a 
degenerative  process  in  the  nerve,  as  sho\Mi  by  atrophy,  muscular 
weakness,  or  changed  electrical  reactions,  we  should,  for  the  present 
at  least,  consider  the  process  a  neuritic  and  not  a  neuralgic  one. 

There  is  a  more  or  less  characteristic  attitude  and  gait  in  sciatica 
which  should  always  be  noted.  Therapeutically,  this  is  important, 
because  it  should  suggest  to  the  physician  just  what  the  patient's 
most  comfortable  posture  is,  for  these  postures  and  gaits  are  adapta- 
tions on  the  part  of  the  skeletal  and  muscular  systems  to  counteract 
pain,  and  if  maintained  long  enough,  may  leave,  particularly  in  the 
aged,  definite  structural  deformities.  Scoliosis,  muscle  rigidity,  atrophy 
from  disuse,  are  frequently  consequences  of  a  long-continued  sciatica, 
particularly  in  the  aged.  Objective  sensory  changes  are  not  particu- 
larly characteristic  of  sciatic  neuralgia,  but  paresthesia  and  subjective 
sensory  manifestations  of  all  kinds  are  very  frequent. 

Treatment. — Before  treatment  is  planned  in  any  case  of  ischias,  it 
should  be  ascertained,  if  ])ossible,  whether  tiie  pain  is  due  to  an  organic 
process  in  the  pelvis,  in  the  hip-joint,  or  in  lower  segments  of  the  spinal 
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column.  Inquiry  should  be  made  particularly  about  accidents,  sudden 
jolts,  or  jars,  whether  the  sacro-iliac  joint  has  been  disturbed  or  not, 
and  investigation  as  to  the  presence  of  diabetes,  or  other  constitutional 
diseases,  which  may  attack  the  peripheral  nervous  system.  Tubercu- 
losis, arthritic  processes  in  the  spine,  new  growths,  located  in  the  bone, 
or  in  the  lower  portion  of  the  spinal  cord,  syphilitic  meningeal  infil- 
trations, etc.,  may  show  direct  symptoms  of  very  typical  neuralgic 
pain,  distributed,  seemingly,  in  the  region  supplied  by  the  sciatic  nerve. 
Lesions  at  the  sacro-iliac  synchondrosis  is  of  special  moment  in  this 
connection.  Various  types  of  vasomotor  neuroses,  claudication,  all 
may  produce  so  characteristic  a  neuralgic  pain  that  their  presence 
may  easily  be  overlooked  and  the  therapeutic  endeavor,  therefore, 
be  misdirected. 

The  therapy  of  ischias  resolves  itself,  first  of  all,  in  the  treatment, 
if  possible,  of  any  cause  which  might  be  active,  or  considered  to  be 
active,  in  the  production  of  pain  in  the  sciatic  nerve,  and  after  that,  in 
efforts  directed  toward  lessening  the  painful  manifestations  themselves. 

At  the  present  time  in  very  severe  forms  of  sciatica  injections  into 
the  sciatic  nerve,  at  or  near  its  exit  from  the  foramen,  have  obtained  a 
certain  vogue.  The  effectiveness  of  the  injection  treatment  is  difficult 
to  measure,  on  account  of  the  varying  reports  of  success  and  failure. 
Alcohol,  osmic  acid,  methylene  blue,  and  salt  solutions  are  the  chief 
means  by  which  this  is  accomplished.  Alcohol,  even  in  a  small  per- 
centage, is  a  rather  dangerous  solution  to  use,  on  account  of  the 
danger  of  changing  the  neuralgic  symptom-complex  into  a  neuritic 
one,  with  its  consequent  paralysis,  degeneration,  and  other  sequences. 
The  same  would  hold  with  osmic  acid. 

Finally,  in  very  severe  cases,  where  the  usual  measures  are  ineffective, 
splinting  the  whole  leg  in  plaster-of-Paris  bandages,  with  the  immo- 
bilization limit  well  above  the  hip-joint,  gives  the  most  permanent 
relief  from  pain.    In  this  way  rest  is  absolutely  obtained. 

NEURITIDES 

By  the  term  neuritis  is  understood  all  the  clinical  phenomena  which 
follow  definite  and  demonstrable  changes  in  the  structure  of  the 
peripheral  nerve  tissue.  Pathologically  considered  these  changes  may  be 
due  to  processes  largely  limited  to  the  structure  of  the  nerve  itself,  the 
individual  neuronic  elements,  the  parenchymatous  form  of  neuritis,  and 
changes  in  the  perineural  tissue,  which  indirectly  affect  the  peripheral 
nerve  structure.  This  latter  is  designated  interstitial  neuritis.  Natu- 
rally the  process  is  frequently  of  a  mixed  type,  but  the  essential  char- 
acteristic of  the  true  parenchymatous  process  is  a  primary  degeneration 
of  the  neuronic  constituents  of  the  nerve  structure. 

Therapeutically,  however,  the  result  of  such  processes,  whatever 
their  degrees  may  be,  is  of  importance.  This  result  is  a  disturbance  in 
the  function  of  the  muscle,  dependent  upon  structural  changes  in  its 
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substance.  These  changes  lead  not  only  to  the  loss  of  muscular  power, 
but  likewise  to  the  loss  of  muscular  substance  and  atroph}^  of  the 
muscle  itself.  The  dependence  of  the  muscular  structures  upon  the 
integrity  of  the  nerve  supplying  it  gives  to  the  two  elements,  muscle  and 
nerve,  so  intimate  an  anatomical  and  functional  connection  that  the  two 
must  be  viewed  as  a  single  structural  and  functional  element  and  should 
be  considered  as  such  clinically  and  therapeutically.  Therefore,  in  all 
neuritic  processes  which  give  a  clinical  expression  in  the  form  of  a  picture 
of  functional  disturbance  there  is,  from  the  point  of  view  of  treat- 
ment, to  be  considered:  (1)  Disturbance  in  motility;  (2)  disturbance  in 
sensation;  (3)  atrophy  or  disappearance  of  muscular  substance,  a 
combination  of  these  three  characteristics  rendering  the  differentiation 
of  neuritis  from  neuralgia  sufficiently  sharp  in  most  cases  to  create  two 
distinct  types. 

Unlike  the  neuralgias,  in  the  neuritides  there  is  a  sufficientl}^  definite 
etiological  classification  which  can  be  made  use  of,  and  which  partic- 
ularly from  the  point  of  view  of  treatment  may  be  made  effective. 
Though  here  as  in  the  neuralgias  the  classification  is  regional,  yet  it 
may  at  times  be  of  considerable  value.  Two  most  important  clinical 
divisions  are  made — the  mononeuritic  and  the  polyneuritic  t^pes. 
These  differ  rather  in  the  extent  of  the  process  than  in  its  special  form. 

The  traumatic  neuritides,  in  the  usual  acceptance  of  the  term,  vdll 
be  considered  in  a  separate  section. 

In  the  mononeuritic  forms  there  are  to  be  considered  the  occupational 
neuritides — those  which  complicate  or  follow  joint  processes,  and  the 
neuritic  processes  affecting  isolated  nerves.  These  latter  are  not  at 
present  perfectly  clear.  The  polyneuritic  Unpes  include  these  main 
divisions:  Those  produced  by,  or  following,  or  accompanying  acute 
infectious  processes  due  to  infectious  organisms,  known  or  unknown; 
those  due  to  toxins  or  poisons  resulting  from  metabolic  abnormal- 
ities within  the  organism;  and  those  resulting  from  poisons  of  an 
organic  or  inorganic  sort,  introduced  from  without  the  organism. 

Occupation  Neuritis. — There  are  various  forms  of  occupation  which, 
combining  several  factors,  act  upon  the  peripheral  nerves  in  such  a  way 
as  to  produce  organic  changes  in  their  structures.  The  constant  use 
of  muscle  groups  in  the  performance  of  some  movements;  the  use  of 
instruments,  or  implements,  which  cause  continuous  pressure  to  be 
exercised  upon  a  peripheral  nerve — that  is,  by  its  anatomical  position 
exposed  to  mechanical  forces  of  this  sort,  and  sometimes  the  use  of 
metallic  poisons  in  the  industrial  process  concerned,  may  cause  a 
typical  degenerative  neuritis,  followed  by  muscular  atrophy.  The 
symptoms  will  always  bear  a  definite  relationship  to  the  kind  of 
employment,  and  the  localization  will  be  in  the  muscle  groups  which 
are  largely  in  use. 

There  are  great  variations  in  the  clinical  pictures  presented,  but  they 
all  have  these  things  in  common  and  cannot  be  separated  from  the 
nature  of  the  employment  which  causes  them. 

The  treatment  for  these  forms  of  pressure  neuritis,  due  to  certain 
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occupations,  is  obvious.  Either  the  occupation  must  be  changed  or 
the  pressure  modified  so  as  there  will  be  no  injury  to  the  exposed 
or  susceptible  nerve. 

In  those  patients  where  occupation  pressures  operate  in  conjunction 
with  mild  or  severe  toxic  factors,  both  deleterious  agents  must  be  dealt 
with.  INIedication  here  is  largely  useless. 

Infectious  Neuritis. — The  existence  of  an  infectious  polyneuritis  of 
unknown  bacterial  origin  is  at  present  freely  admitted  as  a  matter  of 
clinical  experience.  The  chances  are  that  sooner  or  later,  with  the 
wider  extension  of  our  conception  of  some  of  the  more  common  forms 
of  infection  of  the  nervous  sj'stem,  the  so-called  idiopathic  form  of 
polyneuritis  will  become  considerably  limited.  However,  the  clinical 
picture  is  at  present  unmistakable.  The  infectious  nature  of  this  form 
of  neuritis  is  deduced  from  the  constitutional  disturbance  in  the  sense 
of  the  manifestations  of  an  acute  infectious  disease.  The  prodromal 
period  of  vague  general  disturbance,  with  a  slight  rise  of  temperature, 
chilly  sensation,  and  a  general  feeling  of  malaise  are  the  introductory 
manifestations.  These  are  succeeded  in  a  brief  time  by  the  evidences 
of  peripheral  nerve  involvement.  The  pains  which  at  first  were  vaguely 
located  in  one  or  the  other  extremity  now  become  more  sharply  referred 
to  the  typical  peripheral  distribution.  There  follows  a  very  definite 
disturbance  of  the  functional  power  of  the  muscles,  with  paresis,  or 
complete  paralysis  as  a  final  result.  There  is  sometimes  found  evidence 
of  vasomotor  or  trophic  disturbance,  in  the  way  of  edema,  eruptive 
skin  lesions,  changes  in  the  local  temperature,  etc.  With  the  develop- 
ment of  the  neuritic  symptoms,  as  a  rule,  the  general  constitutional 
manifestations  begin  to  subside,  and  then  gradually  to  disappear, 
until  apart  from  the  localized  pain  and  the  muscular  insufficiency 
the  patient  seems  fairly  comfortable.  Up  to  this  point  the  similarity 
to  an  acute  poliomyelitis  is  sufficiently  striking  to  suggest  that  in  the 
so-called  infectious  neuritis  we  may,  perhaps,  be  always  dealing  with 
an  aberrant  type  of  this  disease.  Particularly  does  this  seem  likely 
when  we  consider  the  fact  now  freely  admitted  that  there  is  a  neuritic 
variety  of  infantile  paralysis  appearing  under  the  picture  of  a  peripheral 
nerve  disease. 

It  is  at  this  point,  perhaps,  when  the  most  striking  element  of  clinical 
differentiation  appears,  a  point  which  makes  it  evident  that  our  con- 
ception of  anterior  poliomyelitis  must  be  considerably  broadened  before 
including  in  it  the  type  of  disease  above  described.  Infectious  neuritis 
shows  a  marked  tendency  to  complete  recovery  without  defect,  wdiile 
anterior  poliomyelitis  shows  rather  the  reverse.  This  defect  on  appar- 
ent recovery  creates  so  marked  a  difference  that  for  the  present,  at 
any  rate,  the  infectious  form  of  polyneuritis  must  be  freely  admitted. 

Treatment.— The  therapeutic  problem  involved  has  to  do  with  the 
treatment  of  the  general  symptoms  as  such;  then  the  more  direct  con- 
sideration of  the  neuritic  phenomena,  as  in  many  other  forms  of  nervous 
disease.  From  the  point  ©f  view  of  treatment,  the  most  important 
single  element  is  that  of  diagnosis,  and  it  is  particularly  important  to 
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determine  as  early  as  possible  just  what  we  have  to  deal  with,  whether 
a  poliomyelitis  or  a  polyneuritis.  In  the  early  period  of  the  disease, 
particularly  in  the  presence  of  an  epidemic  of  infantile  paralysis,  such 
a  differentiation  may  be  difficult,  and  sometimes  impossible.  The 
specific  diagnostic  reaction  of  poliomyelitis  is  at  the  present  time  lack- 
ing; we  are  confronted  with  the  necessity  of  basing  our  diagnosis  chiefly 
upon  the  progressive  development  of  symptoms,  looking  largely  to  the 
one  important  feature,  the  anatomical  and  phj^siological  succession  of 
symptom  groupings. 

Lumbar  puncture  may  determine  the  question  for  some;  careful 
neurological  examination  of  sensation  for  others.  Thus,  an  early  loss 
of  bony  sensibility  speaks  for  a  polyneuritis  rather  than  a  poliomyelitis. 
Epicritic  loss  also  indicates  polyneuritis. 

There  is  in  multiple  neuritis  a  more  or  less  orderly  succession  of 
symptoms  following  the  distribution  of  peripheral  nerve  trunks,  or 
nerve  terminals,  and  these  terminal  points  are  the  chief  initial  foci  in 
the  development  of  symptoms. 

The  importance  of  an  early  diagnosis  from  the  point  of  view  of  treat- 
ment naturally  lies  in  the  psychical  influence  which  can  be  brought  to 
bear  upon  the  patient  himself,  for  if  the  case  is  neuritis,  a  favorable 
outcome  may  generally  be  prophesied,  while  if  the  disease  is  poliomye- 
litic  in  character,  a  recovery,  but  with  defect,  is  probable.  Much  can 
be  made  of  this  if  absolute  confidence  can  be  felt  in  the  diagnostic  future 
of  the  case,  and,  furthermore,  the  earlier  the  diagnosis  can  be  definitely 
made  the  more  forcible  becomes  the  influence  of  future  recovery  upon 
the  patient. 

The  chief  manifestation  of  polyneuritis  to  be  considered  from  the  point 
of  view  of  direct  treatment  is,  naturally,  the  pain,  which  in  the  early 
period  of  the  disease  may  be  very  severe  and  at  times  almost  unbear- 
able. Our  chief  reliance  must  be  upon  carefully  planned  physiological 
efforts  as  distinct  from  the  use  of  drugs.  Of  all  these  the  most  efficient 
is  rest  and  a  correct,  comfortable  position.  Both  of  these,  to  be  effi- 
ciently carried  out,  must  be  efficiently  planned.  No  amount  of  rest 
will  give  relief  if  the  position  of  the  extremity  affected  is  not  com- 
fortable to  the  patient  and  as  far  away  as  possible  from  the  sensation 
of  strain  and  unnatural  position.  That  position  should  be  selected 
which  gives  the  patient  a  distinct  sensation  of  relief  and  some  approach 
to  comfort.  The  extremity  should  be  maintained  in  this  way  not  only 
in  absolute  rest,  but  the  patient  himself  should  be  taught  to  repress, 
if  possible,  every  impulse  to  movement  as  well.  It  is  here  that  the  prac- 
tical therapeutic  application  of  the  diagnosis  comes  in.  Most  patients 
can  be  easily  led  into  this  state  of  mental  cooperation  if  the  future  holds 
no  terrors  in  the  way  of  a  permanent  invalidism,  or  defect  for  him,  and 
if  early  in  the  course  of  the  disease  this  is  made  clear,  and  if  it  is  also 
insisted  upon  that  violation  of  these  simple  rules  will  lead  to,  perhaps, 
permanent  defects,  due  to  bad  position,  then  the  cooperation  of  the 
patient  can  usually  be  easily  obtained. 

For  the  pain  itself  our  chief  reliance  should  be  placed  on  the  milder 
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analgesics,  and  in  their  judicious  and  temperate  use  lies  much  of  the 
art  of  handhng  a  patient  with  this  disease.  The  saHcylates  in  one 
form  or  another,  with  aspirin,  or  some  of  its  modifications,  are  the 
safest  drugs  to  use.  An  occasional  dose  of  morphine  may  be  necessary 
if  the  pain  is  so  severe  as  to  interfere  seriously  with  sleep.  After  a  time, 
when  the  acute  neuritic  manifestations  have  shown  some  tendency  to 
subside,  hydrotherapeutic  measures  should  constantly  be  adopted. 
This  requires  no  particular  apparatus.  Hot  applications  carefully 
placed  upon  the  painful  extremity,  with  the  temperature  as  high  as 
the  patient  can  bear,  this  repeated  at  intervals  of  an  hour  or  so  during 
the  period  of  most  active  pain,  gives  very  definite  relief.  Especially 
efficacious  is  this  method  if  the  patient's  painful  extremity  can  be 
maintained  at  the  same  time  in  a  comfortable  position. 

It  is  characteristic  of  all  forms  of  multiple  neuritis,  and,  indeed,  of 
neuritis  in  general,  that  the  duration  of  the  disease  is  apt  to  be  pro- 
longed. This  is  due  to  the  apparently  vigorous  resistance  of  the  per- 
ipheral nerve  structure  to  infections  and  poisons,  consequently  recovery 
based  upon  anatomical  regeneration  is  correspondingly  slow  and  tedious. 
The  mistake  is  frequently  made  of  miscalculting  the  probable  time  of 
the  disease,  in  order  to  encourage  the  patient,  consequently  there  is 
created  in  him,  due  to  his  disappointment,  a  feeling  of  restlessness  and 
anxiety,  based  upon  the  fact  that  he  has  not  fulfilled  his  physician's 
prophesy  in  respect  to  the  duration  of  his  illness.  For  this  lack  he  blames 
himself,  and  there  is  suggested  to  him  the  feeling  that  either  his  disease 
is  more  serious  than  was  at  first  supposed  or  that  he  does  not  respond 
to  treatment,  as  is  usually  the  case.  In  either  instance,  or  both,  there 
results  a  mental  state  which  unnecessarily  hampers  the  efforts  of  the 
physician  and  nurse. 

Short  of  two  months  no  prognosis  in  point  of  time  should  ever  be 
given.  As  a  matter  of  experience,  multiple  neuritis  of  the  infectious 
variety  extends  rather  beyond  than  short  of  this  length  of  time.  A 
word  should  be  added  here  of  a  possible  complication  in  multiple 
neuritis  met  with  occasionally.  This  is  the  possible  involvement  of  the 
vagus,  or  what  is  now  called  the  vagal  system.  Such  cases  run  a  some- 
what rapid  pulse  even  after  constitutional  symptoms  have  practically 
disappeared.  It  is  such  patients  who  sometimes  show  evidence  of 
complete  collapse,  even  sudden  death,  for  no  possible  reason  that  can 
be  determined  but  that  of  a  complete  paralysis  in  the  vagal  mechanism. 
It  is  a  curious  fact  that  in  asthmatics  such  conditions  seem  more  likely 
to  be  found,  and  in  this  class  of  cases  particular  care  should  be  exercised 
in  regard  to  sudden  movements,  excessive  emotional  reactions  and  a 
too  hasty  convalescence,  with  a  too  rapid  use,  or  attempted  use,  of  the 
weakened  muscles.  Just  what  this  relationship  may  ultimately  turn 
out  to  be  cannot  at  present  be  prophesied,  on  account  of  the  small 
number  of  cases  that  have  been  .studied. 

The  point  where  more  active  treatment  of  the  paretic  or  paralyzed 
muscles  should  be  executed  can  be  measured  by  the  single  factor  of 
pain  on  movement,  whether  active  or  passive.    No  effort  at  exercise, 
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massage,  or  electrical  stimulation  should  be  made  as  long  as  the  patient 
experiences  the  slightest  pain  in  consequence  of  these  manipulations. 
When,  however,  the  patient's  extremities  c*an  be  moved  passively 
without  pain,  then  active  massage,  electrical  stimulation  of  muscle 
groups,  passive  movements,  resistive  movements,  etc.,  should  be  carried 
out  methodically  and  after  a  careful  planning  toward  physiological 
restoration  of  muscle  function.  It  must  be  clearly  understood  that  the 
use  in  this  instance  of  all  these  methods  have  practically'  the  same  aim; 
that  is,  mechanical  excitation  of  the  muscles,  whether  by  means  of 
electrical  or  passive  movements,  or  any  other  form,  makes  little  differ- 
ence. There  is  nothing  specific  in  the  action  of  electricity  in  causing 
muscles,  or  muscle  groups,  to  react — it  is  merely  a  convenient  form  of 
muscle  innervation,  in  place  of  the  normal  mechanism. 

At  this  stage  of  the  treatment  the  active  and  helpful  cooperation  of 
the  patient  can  be  obtained  by  means  of  a  careful  explanation  of  the 
muscular  state  by  assurance  of  the  complete  restoration  of  function, 
even  when  atrophy  is  very  evident  and  apparently  excessive. 

During  the  whole  course  of  the  disease  care  should  be  taken  to  avoid 
deformity  of  a  structural  kind,  by  a  carefulh'  planned  position  of  each 
joint.  The  pull  of  the  stronger  flexor  muscle  group  should  be  prevented 
by  overcorrection  of  the  antagonistic  group  and  by  frequent  manipu- 
lation, with  such  an  end  in  view. 

Recovery,  or  improvement,  will  first  become  manifest  in  the  legs, 
while  the  return  of  function  in  the  arms  and  hands  will  be  slower,  owing 
probably  to  the  more  complicated  and  delicate  muscular  interrelations. 
Consequently,  it  is  advisable  to  make  use  of  this  fact,  by  planning  to 
have  the  patient  assume  an  upright  position  as  soon  as  possible  and  to  be 
out  of  bed  at  the  earliest  moment  that  is  safe.  The  physical  gain  is  a 
great  advantage;  it  makes  the  succeeding  treatment  of  the  case  much 
more  easily  carried  out.  If  in  spite  of  all  attempts  to  mantain  correct 
positions  there  appears  a  tendency  to  permanent  shortening  and  joint 
deformities,  then  the  extremity  should  be  immediately  encased  in 
plaster  with  the  joint  affected  in  an  overcorrected  position.  The  appa- 
ratus should  be  so  constructed  as  to  admit  of  easy  observation.  When 
the  correct  position  is  finally  obtained  the  plaster  should  be  removed 
and  the  joint  kept  in  the  normal  position  by  manipulati\-e  measures 
and  by  the  maintenance  of  correct  functional  relationship. 

There  has  been  some  discussion  as  to  whether  the  faradic  or  the  gal- 
vanic current  is  preferable.  It  is  supposed  by  some  that  one  or  the 
other  has  a  distinct  specific  ad^'antage.  It  is  probably  true  that  neither 
the  one  nor  the  other  exercises  more  than  a  mechanical  efl'ect,  and  that 
the  one  should  be  selected  which  easily  and  painlessly  gives  the  desired 
reaction.  Whether  the  nerve  itself  or  the  muscle  be  the  point  of  stim- 
ulation are  matters  of  complete  indifference — wherever  a  quick  reaction 
of  muscle  groups,  with  the  least  possible  pain  to  the  patient  and  the 
smallest  amount  of  current  can  be  obtained,  there  is  the  point  of 
advantage  for  the  use  of  the  electrical  current. 

It  must  be  admitted  that  in  spite  of  the  generally  favorable  out- 
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come  of  this  variety  of  neuritis,  there  are  case.s  with  an  apparently 
definite  tendency  not  only  to  a  very  slow  recovery,  but  to  a  defective 
one.  In  such  cases  probably  the  regenerative  power  of  the  peripheral 
nerves  has  become  exhausted  and  inadequate.  To  know  these  cases 
in  advance  is  apparently  impossible  at  the  present  time,  and  there 
remains  always  the  question  whether  they  are  really  not  to  be  con- 
sidered as  belonging  to  an  atypical  group  of  anterior  poliomyelitis 
rather  than  to  multiple  neuritis. 

There  are  a  number  of  varieties  of  polyneuritis  which  are  somewhat 
rare  in  this  country — at  any  rate,  which  from  a  therapeutic  point  of 
view  offer  no  particular  problems  unassociated  with  the  foregoing 
description.  The  peripheral  manifestations  of  leprosy  and  beriberi 
belong  rather  to  a  consideration  of  these  diseases  than  in  the  consider- 
ation of  the  therapeutics  of  neuritis.  Beriberi  is  probably  an  epidemic 
form  of  neuritis  the  exact  nature  and  origin  of  which  are  not  fully 
known. 

Landry's  paralysis  occupies  a  position  of  some  uncertainty  at  the 
present  time.  The  clinical  picture  of  an  acute  ascending  neuritis,  with 
grave  constitutional  symptoms  and  frequently  fatal  outcome,  belongs 
to  out  present  conception  of  multiple  neuritis.  The  pathological  find- 
ings of  this  disease  are  so  much  at  variance  with  its  clinical  position 
as  to  be  extraordinarily  uncertain.  The  further  the  problem  of  anterior 
poliomyelitis  is  cleared  up,  however,  the  more  reasonable  it  appears  to 
include  this  type  among  the  somewhat  atypical  manifestations  of  that 
protean  disease. 

Diphtheria-polyneuritis. — The  most  common  form  of  the  known 
infectious  polyneuritis  is  that,  without  doubt,  following,  or  compli- 
cating diphtheria.  Its  frequency  is  given  by  Rolleston  as  22  per  cent, 
in  a  series  of  1500  cases.  The  neuritis  following  diphtheria  has  a  very 
direct  therapeutic  interest.  Ever  since  the  period  in  which  the  serum- 
treatment  of  diphtheria  was  discovered  and  became  universally  used 
much  discussion  has  taken  place  on  the  point  of  its  use  as  a  preventive, 
and  its  further  use  as  a  direct  means  of  treatment  after  the  neuritic 
symptoms  have  developed.  Of  one  thing  we  can  be  certain,  that  as 
far  as  we  at  present  can  determine,  the  neuritis  itself  does  not  seem 
to  be  dependent  either  upon  the  severity  of  the  initial  infection  or  upon 
its  rapidity  of  development,  or  upon  its  resistance  to  treatment.  There- 
fore, as  far  as  can  be  seen,  every  case  of  diphtheria  is  a  possible  case 
of  neuritis.  This  point  cannot  be  too  emphatically  insisted  upon,  and 
has  its  direct  importance  in  the  prevention  of  a  too  early  return  to 
activity,  or  convalescence,  particularly  in  the  case  of  a  child  infected 
with  the  diphtheria  organism,  in  whom,  as  a  result  of  the  early  admin- 
istration of  a  sufficiently  large  dose  of  antitoxin,  the  local  and  constitu- 
tional symptoms  of  the  disease  have  practically  disappeared. 

The  period  when  the  neuritic  manifestations  first  appear  varies 
from  a  few  days  to  two  weeks  or  more.  As  a  rule,  the  first  indication 
that  the  toxin  has  attacked  the  peripheral  nerve  mechanism  is  when 
the  soft  palate  and  uvula  show  evidence  of  paresis,  or  a  complete 
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paralysis.  As  a  rule,  the  involvement  is  bilateral,  objectively  demon- 
strated by  the  flaccidity  of  the  sol't-palate  muscles,  by  the  lower  position 
of  the  uvula  and,  clinically,  by  the  sudden  appearance  of  nasal  speech, 
regurgitation  of  liquids  through  the  nose,  and  difficulty  in  deglutition. 
At  this  point  the  patient  swallows  only  liquids,  or  seniiliquid  substances, 
and  frequently  cannot  do  that  without  regurgitation. 

From  then  on  the  development  of  the  neuritis  varies;  it  may  stop 
and  apparentl}^  involve  no  further  nerve  groups,  or  it  may  develop 
into  a  fairly  complete  picture  of  multiple  neuritis,  with  the  fax'orite 
seat  of  localization  in  the  extremities;  or  it  may  be  strictly  confined 
to  the  vago-hypoglossal-pharyngeal  system.  The  complete  and  early 
involvement  of  the  latter  presents  one  of  the  most  serious  complica- 
tions that  we  have  to  face  in  diphtheria,  and  one  which  is  sometimes 
fatal,  even  in  spite  of  the  apparently  successful  use  of  antitoxin  on  the 
other  symptoms. 

The  central  fact  of  this  symptom  group  is  the  importance  of  the 
vagal  involvement,  for  about  this  is  centred  the  chief  problem  of 
treatment,  and  the  final  outcome  depends  upon  maintaining  its 
integrity.  The  involvement  of  the  vagus  manifests  itself  in  a  variety 
of  abnormal  phenomena  centred  around  the  neurogenic  activity  of 
the  heart.  The  muscular  function  of  the  heart  itself  is  seldom  involved, 
or,  at  most,  in  a  secondary  manner.  The  pulse  is  irregular,  feeble,  and 
intermittent.  The  heart  is  not  enlarged  and,  as  a  rule,  shows  no  evi- 
dence of  valvular  incapacity.  The  pulmonic  second  sound  is  sometimes 
found  accentuated  in  spite  of  an  apparentl}^  feeble  impulse  at  the  apex. 
The  essential  feature  is  the  disturbance  in  the  regulatory  mechanism 
of  the  cardiac  function.  This  is  the  distinguishing  feature  as  opposed 
to  the  muscular  inadequacy  in  many  other  forms  of  cardiac  involve- 
ment following  or  complicating  acute  infectious  diseases.  It  presents 
therapeutically  the  chiefest  difficulty,  for  it  is  obvious  that  in  the 
presence  of  a  neuritis  of  the  vagal  system,  we  are  left  positively  without 
a  single  therapeutic  agency  that  has  any  direct  effect  upon  the  nervous 
mechanism  of  the  heart.  The  only  exception  to  this  is  absolute  and 
complete  rest.  Other  than  this,  care  should  be  taken  that  no  solid 
food  is  given,  to  avoid  both  the  danger  of  deglutition,  pneumonia,  and 
sudden  collapse,  due  to  the  exertion  caused  by  choking  and  difficulty 
in  swallowing. 

With  the  further  development  of  the  neuritic  process,  the  extremities 
become  involved  and  the  patient  presents  a  picture  of  a  rather  mild 
form  of  lower  extremity  neuritis,  with  marked  ataxia,  weakness,  absence 
of  knee  and  Achilles  jerks,  and  other  evidences  that  are  commonly 
met  with  in  polyneuritis. 

Apart  from  the  vagal  involvement,  the  diphtheria  polyneuritic 
therapy  offers  no  unusual  problem.  The  almost  constant  and  complete 
recovery  of  muscular  power  in  the  leg,  with  the  return  of  normal  stability 
and  power  of  locomotion,  suggests  that  beyond  rest,  massage,  good 
feeding,  especially  of  fats,  and  perhaps  electricity,  there  is  little  that 
need  be  done.  Attention  might  be  here  directed  to  the  measures  neces- 
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sary  to  prevent  deformity,  by  maintaining  a  correct,  or  overcorrected, 
position  of  the  paralyzed  extremities.  With  the  vagal  situation  there 
is  needed  most  constant  watchfulness,  absolute  rest,  and  carefully 
directed  nursing.  The  child  should  not  be  permitted  to  move,  should 
be  fed,  and  every  possible  physical  or  emotional  disturbance  should 
be  avoided. 

Of  some  importance  is  the  question  of  using  repeated  and  constantly 
increasing  doses  of  antitoxin  in  the  routine  treatment  of  polyneuritis. 
There  is  a  wide  divergence  of  opinion  on  this  subject,  and  no  solution 
seems  possible  at  the  present  time.  French  pediatrists  strongly  recom- 
mend this  procedure,  but  the  evidence  in  its  favor  is  scarcely  convincing. 
Considering  the  almost  certain  favorable  outcome  in  diphtheria- 
polyneuritis,  with  the  vagal  form  as  an  exception,  it  would  seem  to  be 
"wdser  to  reserve  this  intense  treatment  for  that  type  only.  There  are 
so  many  grave  objections  to  its  use,  that,  on  the  whole,  the  neuritic 
complication  might  safely  be  left  to  other  less  heroic  measures  and 
the  diphtheria  itself  be  regarded  as  the  only  logical  object  of  antitoxin 
treatment. 

Other  Infectious  Neuritides. — The  occurrence  of  neuri tides  following 
various  other  infectious  diseases  is  now  well  recognized,  though  in  some 
of  them,  such  as  typhoid  and  tuberculosis,  the  causal  connection  is  not 
altogether  clear.  It  is  altogether  reasonable,  however,  to  assume  that 
if  symptoms  of  polyneuritis  develop  in  the  course  of  an  acute,  or 
chronic,  infectious  disease,  there  is  some  connection  between  them  and 
the  infection.  It  is  believed  that  the  causative  factor  is  the  toxin 
of  the  original  disease  acting  upon  the  peripheral  nervous  system  that 
is  rendered  less  resistant  by  the  long-continued  illness  of  the  patient. 

Influenzal  Neuritis. — Following  an  attack  of  influenza,  or  coincident 
with  its  active  manifestations,  pain  in  the  course  of  the  peripheral 
nerves  is  common.  This  is  ordinarily  regarded  as  a  neuralgia,  chiefly 
on  account  of  the  absence  of  degenerative  symptoms.  The  distinction 
between  this  and  a  true  neuritis  is,  naturally,  somewhat  elusive  in 
many  instances,  but  an  undoubted  neuritis,  very  often  of  the  plexus 
variety,  does  undoubtedly  occur,  and  may  in  some  instances  be  accom- 
panied by  all  the  evidences  of  a  peripheral  nerve  degeneration,  paresis 
of  muscle  groups,  atrophy  of  muscles,  and  electrical  changes.  The 
distinctive  feature,  if  there  is  one,  is  the  predominance  of  pain  over 
the  motor  symptoms. 

The  course  of  the  influenza  neuritis  is  apt  to  be  very  tedious.  The 
atrophy  of  muscle  groups,  if  found,  may  often  be  due  to  the  non-use 
of  muscles,  on  account  of  pain  accompanying  movement  or  attempted 
movement. 

There  is  no  specific  treatment,  and  the  measures  that  have  been 
referred  to  in  the  treatment  of  the  more  general  forms  of  neuritis  are 
here  to  be  followed  out. 

Typhoid  Neuritis. — Neuritis  in  the  course  of  typhoid,  showing  itself 
chiefly  in  the  long  convalescent  period,  is  now  a  fairly  well-recognizcd 
occurrence.    It  is  found  sometimes  as  a  well-defined  polyneuritis, 
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chiefly  affecting  the  lower  extremities,  with  all  the  typical  symptoms 
of  paresthesia,  pain,  atrophy,  and  degenerati\  e  changes  in  the  muscles. 
The  neuritis,  as  a  rule,  is  rather  strictly  motor  in  t^  pe.  The  prevailing 
clinical  picture  is  therefore  a  paresis,  or  complete  paralysis,  with  the 
resulting  motor  incapacity.  Its  course  is  apt  to  be  long,  due  probably 
to  the  general  state  of  organic  insufficiency  which  the  long-continued 
t}T)hoid  is  very  likely  to  cause. 

In  cases  of  typhoid  neuritis,  carefully  planned  exercises,  mild  elec- 
trical stimulation,  and  gradual  training  in  walking  and  standing  are 
the  measures  that  are  successful  in  the  majority  of  cases. 

Care  must  be  taken  not  to  confuse  the  clinical  picture  of  atrophy 
following  the  well-known  occurrence  of  joint  changes  in  typhoid  arthritis 
with  the  neuritic  manifestations.  The  so-called  typhoid  spine  and 
other  arthritic  processes  produce  such  a  degree  of  motor  insufficiency 
and  are  accompanied  by  pain  and  other  evidences  of  an  inflammatory 
process,  that  there  is  some  chance  of  confusion,  particularly  so  as  the 
joint  changes  are  frequently  accompanied  by  all  the  evidences  of  a 
recognized  neuritis.  This  forms  part  of  the  local  process  in  the  joints 
themselves;  in  other  words,  there  is  presented  for  interpretation  some- 
times atrophy  of  the  muscles  in  the  neighborhood  of  joints,  which  may 
depend  upon  two  factors:  A  real  neuritis  as  a  part  of  the  joint  mani- 
festations themselves,  and  atrophy  following  the  long-continued  disuse 
of  muscles  owing  to  pain  or  other  mechanical  obstacles  to  the  use  of 
the  diseased  joint. 

Tuberculosis  and  Pneumonia. — The  occurrence  of  a  neuritic  process 
in  tuberculosis,  pneumonia,  and  many  other  infectious  diseases  may  be 
admitted,  but  therapeutically  their  treatment  requires  no  special 
mention.  Attention  should  be  called  to  the  severe  forms  of  pol^^^euritis 
occasionally  seen  in  pneumonia,  or  following  it,  with  particular  emphasis 
upon  the  severe  grade  of  the  infectious  process  and  its  widespread 
distribution.  Both  arms  and  legs  are  affected,  being  equally  involved, 
with  manifestation  of  pain  of  a  strictly  neuritic  t}qpe. 

Whether  the  neuritis  seen  in  typhoid  and  pneumonia  depends  upon 
the  bacterial  agents  involved  in  the  original  disease  or  not  is,  naturally, 
an  unsettled  question.  There  are  so  many  other  possible  causative 
agents  in  diseases  which  produce  so  pronounced  a  metabolic  change 
in  the  body  that  such  a  manifestation  may  be  due  to  a  great  variety 
of  causes  which  at  present  are  not  known. 

Diabetic  Neuritis. — Of  the  diseases  depending  upon  metabolic  anom- 
alies (and  for  the  present  it  is  assumed  that  diabetes  belongs  to  this 
class)  there  is  none  more  common  than  that  of  a  diabetic  origin.  In 
this  disease  the  neuritis  may  be  looked  upon  as  the  most  common 
symptom.  The  fact  that  the  Achilles  and  knee-jerks  are  often 
absent  suggests  that  degenerative  changes  in  the  peripheral  nerves  of 
a  neuritic  character  might  be  the  causative  factor.  The  neuritis  is 
probably  purely  toxic  in  origin  and  bears  a  close  relationship  in  this 
respect  to  that  found  in  the  alcoliolic.  It  is  almost  always  motor  in 
form  and  is  chiefly  found  in  the  lower  extremities.   There  is  seldom  a 
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very  frank  manifestation  of  a  widespread  neuritic  involvement  to  be 
found.  In  most  cases  the  absence,  or  marked  diminution  of  the  deep 
reflexes  of  the  legs,  with  some  tendency  to  weakness  of  the  muscles, 
lowered  faradic  reaction,  and  paresthesia  are  the  chief  definite  symptoms 
to  be  foimd.  It  nuist  also  be  remembered,  however,  that  at  times  a 
neuritis  with  a  marked  sensory  reaction  is  to  be  found,  an  acute  pain 
of  a  very  intense  character,  typically  neuralgic  in  type.  The  sensory 
type  is  chiefly  mononeuritic  in  distribution. 

Treatment. — Apart  from  the  general  therapeutic  principles  that  have 
already  been  laid  down,  there  remains  a  treatment  directed  to  the 
positive  agent ;  that  is,  the  diabetes  itself.  It  is  a  rather  common  expe- 
rience to  see  the  sensory  manifestations  of  a  diabetic  neuritis  grow  less 
or  disappear,  coincident  with  the  lessening  of  the  sugar  percentage. 
This,  however,  does  not  appear  to  have  any  efl^ect  upon  the  motor 
symptoms  at  all,  and  the  reflexes  do  not  reappear,  in  spite  of  the  total, 
or  almost  total,  absence  of  sugar  in  the  urine. 

The  common  occurrence  of  a  rather  marked  degree  of  arteriosclerosis 
in  diabetes,  as  well  as  secondary  nephritis,  should  preclude  the  use  of 
any  very  intensive  physical  form  of  therapy.  Naturally,  in  the  neuritis 
found  in  cases  of  diabetes  great  care  should  be  taken  not  to  use  methods 
which  might  injure  the  skin.  Pressure,  or  mechanical  measures  of  this 
kind,  should  be  used  only  with  the  greatest  care.  Therefore,  the  use 
of  splinting,  adhesive  bandages,  or  plaster-of-Paris  casts,  cannot  be 
recommended  as  routine  treatment.  Rest  is,  perhaps,  the  best  thera- 
peutic agency  that  we  have,  and  this,  together  with  the  general  treat- 
ment of  the  patient,  is  about  all  that  can  be  used  with  any  degree  of 
safety. 

Toxic  Neuritides. — The  neuritic  manifestations  produced  by  poison- 
ous material  introduced  from  without  the  body  are  of  great  importance. 
They  are  particularly  to  be  recognized,  as  they  form  an  important 
chapter  in  industrial  diseases;  that  is,  diseases  which  are  produced  by 
the  use  of  poisonous  material  in  the  arts,  such  as  lead,  arsenic,  anti- 
mony, bismuth,  etc. 

Alcoholic  Neuritis. — In  addition  to  the  occupational  form  of  toxically 
produced  neuritis,  the  most  important  is  that  following  the  use  of 
alcohol,  on  account  of  its  frequency  and  likewise  on  account  of  its  more 
or  less  typical  clinical  characteristics.  However  common,  its  frequency 
cannot  be  easily  determined,  but  it  is  certainly  by  far  the  most  fre- 
quently seen  in  a  hospital  service  where  alcoholics  are  freely  admitted  to 
the  wards.  Many  attempts  have  been  made  to  bring  into  relationship 
with  the  occurrence  of  alcoholic  polyneuritis  the  manner  and  the  amount, 
as  well  as  the  nature  of  the  alcoholic  drink  which  is  ingested.  Whether 
the  chronic  drinker  alone  is  subject  to  this  disease,  or  the  occasional 
drinker,  and  the  amount  of  alcohol  taken  is  in  excess  of  his  average, 
or  when  the  alcohol  is  more  concentrated  as  to  form,  or  whether  there 
are  other  unknown  factors,  are  still  questions  in  debate. 

A  rather  frequent  occurrence  of  polyneuritis  as  incident  to,  or  follow- 
ing, an  attack  of  delirium  tremens  has  often  been  noted,  and  would 
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suggest  that  other  factors  are  at  work  in  tlie  prod''.(  tion  of  tlie  neuritic 
manifestations  that  are  at  present  unknown.  There  is  Hkewise  a 
tendency  for  alcohol  to  attack  the  peripheral  nerves,  which,  on  account 
of  occupational  overuse  are  apparently  less  able  to  resist  its  toxic 
influence. 

In  addition,  unnatural  positions  of  the  extremities,  which  put  undue 
strain  on  the  plexus  in  positions  maintained  for  long  periods  of  time, 
render  them  more  likely  to  be  attacked  by  a  neuritic  process  than  would 
otherwise  be  the  case. 

Alcoholic  polyneuritis  presents  a  very  typical  picture,  with  certain 
prodromal  signs,  which  in  an  individual  with  excessive  alcoholic  habits 
should  always  arouse  suspicion.  The  occurrence  of  paresthesia  in  the 
legs  of  a  very  annoying  character  is  frequently  the  first  symptomatic 
manifestation.  Sometimes  the  process  apparently  only  goes  as  far 
as  this,  and  the  definite  neuritic  manifestations  stop  at  this  point. 
In  the  typical  cases,  however,  this  prodromal  period  of  paresthesia 
is  followed  by  a  gradually  increasing  motor  weakness,  with  the  char- 
acteristic extensor  localization.  In  addition  to  this,  there  is  developed 
exquisite  tenderness  along  the  course  of  the  nerves.  So  severe  may 
this  become,  that  the  slightest  pressure,  even  of  the  bed-clothes,  for 
example,  cannot  be  borne.  The  occurrence  of  a  quickly  developing 
and  high  degree  of  atrophy,  together  with  marked  weakness,  paresis, 
or  paralysis  of  the  extensor  group,  particularly  in  the  legs,  finally  estab- 
lishes the  completed  picture.  The  muscles  show  the  reaction  of  degen- 
eration and  a  lowered  faradic  excitability.  The  legs  are  much  more 
involved  than  the  upper  extremities,  and  there  the  characteristic  wrist- 
drop, due  to  extensor  involvement,  gives  a  definite  appearance  of  a 
neuritic  process  that  is  very  widely  spread. 

The  course  is  apt  to  be  very  long,  the  minimum  duration  two  months, 
and  recovery  frequently  is  not  complete  for  a  year  or  more. 

Treatment. — Complete  withdrawal  of  all  alcohol  is  the  first  step 
in  the  treatment.  Then  prompt  elimination  by  baths,  catharsis,  and 
diuresis.  Then  overfeeding  particularly  in  foods  rich  in  digestible  fat. 
Milk  is  of  primary  importance.  An  extremely  important  feature  is 
to  prevent  deformity  due  to  stretching  of  the  tendons  of  the  extensor 
muscle  groups.  Owing  to  the  high  degree  of  muscular  weakness, 
the  acuteness  of  onset  and  the  great  degree  of  pain,  the  antago- 
nistic pull  of  the  lesser  involved  groups  of  muscles  is  not  resisted  by 
the  patient,  he  being  intent  chiefly  upon  maintaining  positions  which 
give  him  the  maximum  degree  of  comfort.  Consequently,  faulty  posi- 
tions are  very  easily  produced,  contractures  and  deformities  naturally 
following.  The  first  consideration,  therefore,  must  be  directed  to  the 
maintenance  of  correct  or  even  overcorrected  positions  from  the  very 
beginning.  Nothing  at  the  initial  stage  is  so  eft'ective  as  sandbags, 
which  give  support  to  the  extremity  in  a  correct  position.  The  use  of 
plaster-of-Paris  bandages  encasing  the  leg  would  be  of  great  advantage 
if  it  were  possible  to  employ  them,  but  on  account  of  the  intense 
sensitiveness  of  the  sldn  overlying  the  muscles,  this  is  seldom  prac- 


NEURIT  IDES 


43 


ticable.  The  splinting  of  tlie  extremity  needs  constant  attention,  for  on 
account  of  pain,  mental  excitement,  restlessness,  and  other  manifes- 
tations of  the  alcoholic  temperament,  such  patients  are  difficult  to 
control  and  manage. 

Splints  should  be  easily  removable  so  as  to  be  able  to  practise  forced 
extension.  Patients  with  alcoholic  neuritic  contractures  do  well  under 
such  manipulations. 

For  the  pain  itself,  recourse  at  times  must  be  had  to  morphine,  for 
rest  is  essential  at  first,  in  order  to  prevent  complications.  It  is  only 
after  the  pain  has  subsided  that  other  measures  are  in  order.  So  that, 
as  a  rule,  the  stage  of  active  treatment  must  be  instituted  rather  late, 
long  after  the  degenerative  process  of  the  muscles  has  set  in. 

The  therapeutic  difficulties  of  a  case  of  alcoholic  neuritis  are  not 
confined  to  the  treatment  of  the  nerves  and  muscles.  Above  all,  the 
individual  should  be  considered.  The  alcoholic  subject  offers  problems 
in  nutrition,  sleep,  and  mental  states  of  a  very  difficult  nature.  The 
withdrawal  of  the  alcohol,  probably  of  prime  necessity  for  the  com- 
plete recovery  of  the  patient,  as  far  as  his  neuritic  symptoms  go,  needs 
careful  consideration. 

The  danger  in  delirium  tremens  of  an  ever-present  possibility  of  the 
group  of  symptoms  associated  under  the  term  alcoholic  edemas  is 
an  additional  element  in  the  therapeutic  problem  presented  by  these 
cases.  In  threatened  alcoholic  edema,  wet  brain,  washing  of  the 
stomach  is  of  great  service,  in  addition  to  the  eliminative  treatment 
suggested.    Paraldehyde  is  a  useful  hypnotic  to  replace  the  alcohol. 

Prognosis. — The  prognosis,  as  a  rule,  is  good,  but  complete  restor- 
ation depends  upon  the  care  with  which  the  measures  are  instituted 
to  control,  or  to  counteract,  the  dangers  which  have  been  alluded  to. 
No  favorable  unconditioned  prognosis  should  ever  be  given  until  the 
period  during  which  complications  might  develop  is  long  past.  Elec- 
tricity, massage,  and  other  mechanical  forms  of  treatment  should  only 
be  begun  when  the  sensitiveness  of  the  nerves  and  muscles  has  com- 
pletely disappeared,  and  all  such  measures  should  be  begun  very  gently 
and  increased  very  gradually.  As  soon  as  the  patient  can  bear  the 
weight  of  the  body,  he  should  be  encouraged  to  attempt  to  stand  and 
walk  and  get  out  of  bed.  Passive  movements  should  be  instituted 
at  the  earliest  possible  moment,  and  should  be  encouraged  as  a 
part  of  the  routine  treatment  even  after  the  patient  is  able  to 
move  about. 

Lead  Neuritis. — Lead  neuritis  is  one  of  the  common  forms  of  occupa- 
tional diseases,  and  is  one  that  is  used  most  frequently  to  illustrate 
the  dangers  of  certain  occupations.  It  is  found  most  often  in  workers 
whose  trade  brings  them  into  relation  M  ith  lead  in  some  of  its  various 
forms.  It  is  found  most  frequently,  therefore,  in  lead-workers  in 
reduction  plants  in  which  lead  forms  a  part  of  the  chemical  process, 
in  the  making  of  articles  in  which  lead  is  an  important  part  of  the 
product,  and  in  various  other  kinds  of  metallic  work. 

It  does  not  concern  us  in  this  place  to  discuss  the  means  by  which 
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lead,  or  its  products,  is  conveyed  into  the  body,  whether  by  inhalation, 
or  direct  contact.  These  are  matters  which  lie  apart  from  the  present 
subject.  One  point  should,  however,  be  here  insisted  upon;  that  is, 
that  in  the  presence  of  any  characteristic  peripheral  neuritis  of  unknown 
origin,  care  must  be  taken  to  investigate  the  possibility  of  lead  being 
an  important  factor.  Lead  is  used  in  a  great  many  trades  which  at 
first  sight  would  not  arouse  suspicion  of  its  use  at  the  hands  of  the 
clinical  investigator.  It  is  therefore  advisable  to  consider  lead  always 
as  a  possible  cause  until  it  can  be  definitely  excluded.  The  character- 
istic symptom  of  lead  neuritis  is  its  motor  character  and  its  practically 
painless  course.  It  usually  affects  the  motor  groups  of  the  fingers  and 
forearm,  and  sometimes  the  upper  arm,  showing  a  marked  predilection 
for  the  extensor  group  of  the  wrist  and  fingers,  not  involving,  as  a  rule, 
the  supinator  longus  group.  It  has  been  suggested,  and  apparently 
with  good  reason,  that  the  muscle  groups  affected  are  those  which  have 
been  made  non-resistant  by  constant  overuse,  and  that  the  specific 
selective  quality  of  lead  on  these  groups  of  nerves  is  not  a  factor.  It  is 
a  matter  of  observation  that  in  certain  types  of  lead  pals}^  the  clinical 
picture  as  commonly  presented  has  been  much  changed,  on  account 
of  the  different  employment  of  the  individual,  groups  of  muscles  being 
affected  which  are  the  subject  of  constant  use,  to  the  disadvantage  of 
such  muscle  groups  which  have  not  been  overused. 

The  atrophy  in  lead  neuritis  is  very  marked,  develops  quickly,  and 
is  unaccompanied  by  sensor}''  manifestations.  There  is  seldom  the 
marked  paresthesias  that  are  found  in  alcoholic  neuritis.  It  presents 
the  characteristic  clinical  picture  of  involvement  of  the  upper  extremi- 
ties, with  practical  freedom  of  the  lower  extremities,  absence  of  severe 
pain,  the  presence  of  marked  atrophy  and  muscular  weakness,  and  the 
exclusion,  as  a  rule,  of  the  supinator  longus. 

It  must  not  be  forgotten  that  there  are  various  at^^pical  forms 
of  lead  palsy,  some  of  which  closely  resemble  alcoholic  neuritis,  and 
some  of  which  are  complicated  by  the  involvement  of  the  cranial 
nerves. 

Treatment. — In  consideration  of  the  etiology,  the  treatment  of 
lead  palsy  resolves  itself  chiefly  into  methods  aimed  at  the  with- 
drawal of  the  exciting  cause.  In  other  words,  the  occupation  invoh  ing 
the  use  of  lead  must  be  given  up,  and  given  up  completely,  in  the  pres- 
ence of  a  case  of  lead  poisoning.  It  is  further  necessary  to  insist  that 
that  individual  who  once  has  had  symptoms  of  lead  neuritis  seems  to 
have  a  lessened  resistance  to  the  effects  of  lead  on  his  peripheral  nervous 
system,  and,  therefore,  if  possible,  such  an  individual  should  never  be 
permitted  to  work  again  in  trades  in  which  the  use  of  lead  forms 
an  important  element.  Briefly  then,  the  best  possible  treatment  for 
cases  of  lead  palsy  consists  in  preventing  the  indi^■idual  from  e\'er 
again  coming  in  contact  with  lead  in  sufficient  quantities  to  favor  its 
introduction  into  his  body. 

Concerning  measures  of  a  prophylactic  nature  for  the  prevention 
of  lead  poisoning  in  workers  in  lead  not  much  can  be  said  in  this 


NEURIT  IDES 


45 


place.  Cleanliness,  the  wearing  of  gloves,  inhalation  masks,  protection 
of  food  from  contact  with  lead,  thorough  hygienic  surroundings  will 
probably  in  most  cases  prevent  its  occurrence. 

Patients  with  lead  palsy  very  often  show  constitutional  effects  of  lead 
poisoning:  anemia,  with  arteriosclerosis,  gastric  symptoms,  nephritis, 
etc.  Very  often  complete  rest  in  bed  for  some  weeks  with  measures 
planned  to  correct  the  constitutional  symptoms  which  are  present 
are  most  successful.  Almost  any  kind  of  treatment  which  includes 
absence  from  the  possibility  of  further  lead  poisoning  and  rest  for  the 
part  affected  will  be  efficient.  It  should  be  remembered,  however, 
that  after  complete  apparent  recovery  the  muscles  and  nerves  affected 
have  retained  a  certain  susceptibility  to  a  recurrence,  even  under 
conditions  which  bear  no  relation  to  those  under  which  the  original 
disease  was  contracted.  It  is  therefore  better,  if  possible,  to  plan 
that  kind  of  employment  which  will  not  involve  the  overactivity  of 
the  muscle  groups  which  were  originally  involved. 

The  use  of  drugs  in  lead  poisoning  is  not  necessary  if  the  measures 
outlined  above  are  carried  out.  The  iodides  are  traditionally  recom- 
mended, but  the  logic  of  their  use  is  not  evident.  They  certainly  can- 
not be  regarded  as  having  any  specific  effect  upon  the  lead  remaining 
in  the  system.  However,  as  a  tonic,  or  alterative,  there  does  not  seem 
to  be  any  serious  objection  to  their  use. 

Attention  should  be  called  to  the  form  of  lead  intoxication  which 
gives  the  picture  of  an  acute  maniacal  disturbance.  This  is  a  well- 
recognized  clinical  picture.  The  point  to  be  made  here  is  that  in 
the  presence  of  a  group  of  mental  symptoms  in  a  lead-worker  the 
occurrence  of  a  peripheral  neuritis  should  be  looked  for,  and  if  found, 
probably  furnishes  the  explanation  for  the  mental  symptoms  which 
are  present. 

Arsenical  Neuritis. — Arsenic  is,  perhaps,  the  third  most  common 
cause  of  neuritis  due  to  metallic  poisons  and  as  an  occupational  factor 
may  be  of  some  importance.  Its  use  in  industries  has  been  of  late 
much  restricted,  therefore  its  occurrence  at  the  present  time  is  a  matter 
of  considerable  rarity.  Arsenic  produces  a  rather  typical  form  of 
polyneuritis,  without  any  characteristic  manifestations,  with  the 
exception  of  gastro-intestinal  complications  of  a  somewhat  severe 
kind. 

Therapeutically,  outside  of  the  withdrawal  of  the  source,  the  measures 
outlined  above  will  'amply  suffice. 

Various  other  metallic  poisons  used  in  the  arts  produce  at  times 
neuritic  manifestations,  as  well  as  drugs,  which  may  have  an  apparent 
specific  affinity  with  the  nervous  system,  veronal,  trional,  etc. 

Therapeutically,  the  disuse  of  the  drugs  or  the  withdrawal  of  the 
offending  sedative  is  all  that  is  necessary.  Care  should  be  exercised 
to  avoid  the  confusion  of  the  accidental  presence  of  a  suspected  etio- 
logical agent  with  the  occurrence  of  the  neuritis,  or  to  be  necessarily 
impressed  if  the  withdrawal  of  the  agent  causes  the  neuritis  to  dis- 
appear. The  presence  of  a  localized  neuritis  as  a  coincidental  occurrence 
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should  always  be  rememhcrof].  The  occurrence  of  neuritis  in  chronic 
morphine-users  or  other  constant  users  of  dru^s  in  which  the  hypoder- 
mic needle  is  the  agent  for  its  introduction  into  the  sj'stem  should  be 
noted  here.  The  question  is  undecided  as  to  whether  the  neuritis  is 
the  effect  of  the  constant  trauma  produced  by  the  introduction  of  the 
needle  or  is  due  to  the  drug  itself.  These  cases  are  so  rare  that  they 
are  only  mentioned  in  this  place  as  a  matter  of  completeness. 

Neuritic  Manifestations  in  Tabes. — The  occurrence  of  neuritic  mani- 
festations in  tabes  dorsahs  should  be  noted  here  for  the  sake  of  com- 
pleteness. It  has  been  observed  for  a  long  time  that  in  certain  cases 
of  tabes  dorsalis  there  was  marked  evidence  of  muscular  atrophy, 
which  could  not  be  explained  by  disuse,  or  by  the  joint  changes,  or 
any  of  the  manifestations  of  tabes  associated  with  muscular  insuffi- 
ciency. It  was  assumed  that,  in  addition  to  the  purely  sensory  features 
of  the  tabetic  process,  there  was  a  degenerative  process  in  the  motor 
system,  and  that  this  degenerative  process  had  probably  its  origin  in 
the  peripheral  nerves,  somewhere  in  their  course.  It  will  not  be  neces- 
sary here  to  enter  into  a  theoretical  discussion  as  to  whether  this  process 
takes  place  in  the  motor  roots  of  the  spinal  cord  or  not.  Therapeutically 
there  is  naturally  very  little  to  be  done,  as  the  degenerative  quality 
of  the  neuritic  manifestations  is  very  evident,  and  probably  depends 
upon  the  same  kind  of  process  that  is  located  chiefly  in  the  sensory 
neurones. 

There  have  been  observed  and  reported  from  time  to  time  cases 
of  peripheral  neuritis  which  seemed  to  be  based  upon  a  syphilitic  infec- 
tion; a  number  of  instances  are  found  in  the  literature.  The  peripheral 
neuritic  manifestations  of  syphilis  do  not  differ  in  any  essential  way 
from  that  of  other  infectious  processes.  The  existence  of  polyneuritis 
dependent  upon  syphilis  is  very  questionable  at  the  present  time, 
although  its  presence  as  a  part  of  the  sj^hilitic  manifestations  should 
be  considered.  Naturally,  the  chief  therapeutic  indication,  outside 
of  the  general  rules  of  treatment  laid  do^Ti  in  the  treatment  of  neu- 
ritides  elsewhere,  would  be  the  treatment  for  the  infective  agent. 

There  has  of  late  been  much  interest  aroused  in  the  consideration  of 
neuritis  depending  chiefly  upon  arteriosclerotic  processes,  the  so-called 
arteriosclerotic  neuritis.  There  have  been  reported  thirty  or  forty 
cases  in  the  literature  which  seemed  to  depend  largely  upon  the 
presence  of  arteriosclerosis  of  a  more  or  less  generalized  kind. 

The  distribution  of  this  form  of  neuritis  is  rather  uncommon.  It  was 
found  chiefly  in  the  distribution  of  the  sciatic  ner^T.  In  some  of  these 
cases  a  disturbance  of  the  bladder  mechanism  was  also  present.  The 
chief  diagnostic  feature  of  these  cases  is  the  pain  along  the  course  of 
the  nerves  without  the  presence  of  sensitive  points  of  pressure. 

The  relationship  of  this  form  of  neuritis  to  intermittent  claudication 
should  be  remembered. 

As  far  as  treatment  is  concerned,  there  is  no  direct  treatment  for  a 
neuritis  of  this  sort,  and  efforts  should  be  made  to  treat  the  general 
condition,  that  of  arteriosclerosis. 
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Mononeuritis. — The  occurrence  of  inflammatory  processes  in  single 
nerves,  or  plexus,  is  very  common,  and  they  offer  for  examination  the 
essential  symptomatic  manifestations  of  neuritic  processes  elsewhere. 
The  dividing  line  between  them  and  neuralgias  is  sometimes  very 
tenuous.  We  are  forced  to  regard  the  presence  of  paralysis  and  muscular 
insufficiency  as  an  important  element  in  the  differentiation  and  diag- 
nosis. In  some  of  the  mononeuritides  there  seems  to  be  an  undue 
selective  action  on  the  part  of  the  causative  agent.  This  apparently 
lies  either  in  a  special  quality  of  this  agent  or  a  lessened  resistive  power 
of  certain  nerves  to  the  action  of  this  agent.  This  may  be  due  to  certain 
anatomical  defects,  which  place  the  exposed  nerve  in  a  more  favorable 
position  for  the  action  of  the  agent,  whether  it  is  toxic  or  mechanical. 
The  overuse  of  muscle  groups  in  trades,  or  in  athletic  exercises,  or 
even  in  the  normal  movements,  sometimes  undoubtedly  causes  such 
a  lessened  resistance,  and  the  motor-nerve  mechanism  is  thus  more 
easily  attacked  by  processes,  whatever  their  nature  may  be,  which 
have  as  an  end  result  inflammatory  conditions  of  the  nerves.  The 
cranial  nerves  may  be  subject  to  such  isolated  neuritic  processes,  either 
in  their  central  or  in  their  peripheral  courses,  and  it  is  of  some  importance 
therapeutically  that  the  latter  differentiation  should  be  made.  The 
diagnostic  importance  lies  in  the  fact  that  the  prognosis,  as  a  rule,  in 
the  peripheral  variety  is  generally  to  be  regarded  as  favorable,  while 
the  reverse  may  be  said  to  be  true  in  the  central  variety.  The  judicious 
use  of  a  good  prognosis  in  a  therapeutic  way  has  been  previously  alluded 
to.  The  cranial  nerves,  singly  or  in  groups,  may  be  the  subject  of 
neuritic  processes  as  a  part  of  a  more  general  condition,  similar  to 
multiple  neuritis,  or  singly  as  a  complete  cranial  phenomenon.  As  a 
rule,  when  more  than  one  cranial  nerve  is  affected,  the  original  factor 
must  be  looked  for  outside  of  the  cranial  cavity,  except  in  cases  where 
purely  mechanical  factors  may  be  assumed  to  exist,  as  in  brain  tumors, 
meningitis,  traumatic  agencies,  and  various  sorts  of  things  which  act 
in  a  purely  mechanical  way.  The  contiguity  of  the  process,  its  extension 
by  virtue  of  anatomical  propinquity,  forms  the  essential  pathogenic 
consideration.  The  extension  of  the  inflammatory  process  to  the  nerves 
lying  in  its  immediate  vicinity  is  sufficiently  obvious  to  give  a  key  to 
the  solution  and  a  sufficient  basis  for  treatment  directed  to  the  cause 
of  the  inflammation. 

The  subject  of  central  neuritis  is  so  vague  at  the  present  time  to 
preclude  any  direct  therapeutic  importance,  and  belongs  rather  more 
to  the  special  subjects  concerned. 

Third  Nerve. — The  third  nerve  is  especiafly  liable  to  neuritic  pro- 
cesses, on  account  of  its  long  course  and  its  exposed  position.  In  the 
presence  of  ocular  manifestations  pointing  to  its  involvement  the 
first  consideration  is  in  the  interpretation  of  the  cause,  and  following 
that,  the  proper  treatment.  Obviously,  there  can  be  no  direct  treat- 
ment of  such  a  condition  in  the  approved  manner  as  already  laid  down. 
In  regard  to  the  third  nerve,  there  is  a  somewhat  rare  form  of  neuritis 
which  includes  in  its  clinical  manifestations  ptosis,  narrowing  of  the 
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palpebral  fissure,  and  a  reactionless  pathologicallv  small  pupil.  This 
points,  naturally,  to  a  direct  involvement  of  che  sympathetic  in  the 
neck,  and  is  apparently  found  dissociated  from  other  manifestations 
of  a  general  neuritic  character. 

In  those  cases  in  which  a  tumor,  exostosis,  or  other  mechanical 
factors  can  be  excluded,  there  remains  for  treatment  these  abnormal 
manifestations,  forming  a  more  or  less  complete  picture.  It  is  found 
that  such  conditions  clear  up  rather  rapidly  under  strychnine  and 
electrical  stimulation  of  the  levator  muscles. 

Fifth  Nerve. — The  involvement  of  the  motor  branch  of  the  fifth  as 
a  mononeuritis  is  practically  unknown,  but  if  together  with  a 
typical  quintus  neuralgia  the  motor  branch  is  found  to  be  involved, 
then  we  have  to  consider  the  probability  of  a  neuritis  being  present. 
This  is  always  the  case  when  in  addition  to  pain  there  are  concomitant 
motor  symptoms.  In  the  presence  of  this  combination,  the  probability 
of  a  mechanical  cause  should  immediately  direct  the  attention  toward 
the  place  where  the  motor  branch  most  closely  approximates  the  sen- 
sory distribution  of  the  fifth;  that  is,  the  cavum  Meckel.  The  usual 
etiology  that  has  been  found  in  the  rare  instances  of  such  a  combination 
is  a  tumor  that  is  located  there,  or  in  the  immediate  neighborhood. 

Tumors  of  the  Gasserian  ganglion  have  been  reported  in  enough 
instances  now  to  establish  a  somewhat  tj^Dical  clinical  picture.  Natur- 
ally, the  therapeutic  indications  are  those  which  the  presence  of  a 
tumor  in  this  region  should  suggest  and  require  no  further  mention  here. 

The  question  of  a  typical  trigeminal  neuritis  as  opposed  to  neu- 
ralgia has  previously  been  touched  upon,  and  the  therapeutic  problem 
has  been  often  pointed  out  as  solved  by  the  diagnosis.  In  this  connec- 
tion it  might  be  noted  that  the  possibility  of  a  purely  s^'philitic  neuritis 
of  the  total  distribution  of  the  fifth  should  always  be  thought  of,-  and 
in  the  absence  of  any  other  explanation,  the  use  of  the  proper  specific 
treatment,  either  mercury  or  salvarsan,  should  be  carefully  considered. 

It  can  be  seen  from  this  brief  description  that  the  interpretation  of 
symptoms  in  the  distribution  of  the  fifth  may  be  a  matter  of  great 
confusion,  and  the  therapeutic  indications  would,  naturally,  share 
this  difficulty  of  interpretation.  It  should  be  remembered  that  it  is  not 
essential  whether  we  regard  a  process  in  its  distribution  as  a  neuritis 
or  as  a  neuralgia,  because  if  relief  is  to  be  obtained,  it  depends  largely 
upon  the  etiological  factors.  It  is  obviously  impossible  in  this  con- 
nection, as  it  is  in  others,  to  determine  absolutely  how  much  of  the 
process  should  be  considered  neuralgic  and  how  much  neuritic.  It  is 
likewise  true  that  the  therapy,  if  it  is  to  be  successful,  would  be  as 
efficacious  in  the  neuritic  as  in  the  neuralgic  processes. 

Sixth  Nerve. — The  sixth  nerve  can  undoubtedly  be  affected  by  an 
isolated  neuritic  process,  usually  as  a  symptomatic  expression  of  a 
more  general  process,  which  is  as  yet  either  quiescent  or  oi)jectively 
not  clearly  manifested.  It  is  an  early  indication  in  tabes,  paresis,  and 
general  syphiHtic  infection  of  the  nervous  system.  Its  paralysis  must 
be  laid  down  as  a  pure  neuritis.    The  predilection  of  this  nerve  to 
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syphilitic  toxins  is  due,  no  doubt,  either  to  its  structure  or  to  its  anatom- 
ical position.  Its  occurrence  in  diabetes  and  other  metabolic  anomalies 
is  less  certain  as  well  as  its  occasional  appearance  in  other  states  depend- 
ent upon  diphtheria  and,  at  times,  in  chorea.  Its  obvious  treatment 
depends  solely  upon  the  causes  which  are  back  of  its  clinical  manifes- 
tations. In  the  presence  of  an  apparently  isolated  neuritis  of  the  sixth 
nerve  the  greatest  care  must  be  taken  to  exclude  constitutional  states, 
of  which  this  paralysis  is  only  a  s}^mptom.  It  is  very  questionable 
whether  the  sixth  nerve  alone  can  be  the  subject  of  a  neuritic  process 
without  other  symptoms  being  present  to  indicate  its  source.  It  is 
easily  seen,  therefore,  that  therapeutically  a  neuritis  of  the  sixth  depends 
upon  the  therapy  applied  to  the  general  condition,  of  which  it  is  one 
expression. 

Seventh  Nerve. — The  seventh  nerve,  on  the  contrary,  is  the  most 
common  cranial  nerve  by  far  which  is  the  subject  of  a  neuritis.  Its 
wide  distribution,  the  multiplicity  of  its  functions  and  its  curiously 
exposed  anatomical  position  make  it  an  easily  reached  focus  for  attacks 
of  every  kind  of  inflammatory  processes.  It  is  not  only  inclosed  in 
the  temporal  bone  for  quite  a  part  of  its  course,  but  the  channel  through 
which  it  goes  is  very  tortuous.  It  is  very  close  to  the  most  common 
source  of  bone  infections  in  the  cranial  cavity;  that  is,  the  middle-ear 
processes.  Its  most  common  variety  of  reaction  to  infections  is  the 
complete  paralysis  of  its  peripheral  distribution,  the  so-called  Bell's 
palsy,  in  more  modern  terms  to  be  know  as  a  Fallopian  neuritis,  mean- 
ing by  that  that  the  initial  neuritic  process  takes  place  somewhere 
in  the  Fallopian  canal.  The  cause,  or  causes,  are  somewhat  a  matter 
of  conjecture  at  present.  That  a  typical  neuritis  exists  is  amply  proved 
by  microscopic  studies,  which  have  shown  that  a  neuritis  in  that  por- 
tion of  the  nerve  inclosed  in  the  Fallopian  canal  can  be  demonstrated. 
This  neuritis  differs  in  no  way  histologically  from  that  of  a  peripheral 
nerve  subject  to  trauma  or  intoxication. 

The  distinction  of  whether  we  are  dealing  with  a  process  in  the  canal, 
or  peripheral  from  it,  or  central  to  it,  is  from  the  standpoint  of  treat- 
ment not  important.  The  real  therapeutic  question,  however,  is  whether 
we  are  dealing  with  a  neuritis  of  the  peripheral  branches  of  the  seventh, 
or  one  that  has  its  origin  and  seat  of  location  in  the  central  portion 
of  the  seventh  nerve.  The  distinction  is  sufficiently  obvious  if  the 
anatomical  problem  is  taken  into  consideration.  Any  process  of  a 
neuritic  character  affecting  the  seventh  in  any  part  of  its  peripheral 
distribution  must  invariably  produce  a  paralysis  of  all  its  branches. 
As  a  matter  of  experience,  leaving  the  hypothesis  as  to  causation  in 
abeyance,  a  neuritis,  or  neuritic-like  process  attacking  the  seventh  in 
its  centre,  leaves  untouched  its  upper  branch.  In  addition,  naturally, 
the  process  as  an  isolated  central  affair  is  obviously  almost  an  impossi- 
bility, and  so  the  distinction  may  readily  rest  upon  this  one  fact,  attested 
by  repeated  clinical  experience.  It  is  important,  naturally,  to  keep 
in  mind  the  rare  exceptions,  and  when  face  to  face  with  them,  the 
proper  recognition  can  readily  be  obtained.    The  importance  of  the 
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diagnostic  differentiation  is  at  once  apparent  from  two  points  of  view, 
at  least:  The  comfort  that  the  assurance  of  a  practically  constant 
ratio  of  recovery,  in  the  peripheral  variety,  to  the  patient,  cannot  be 
overemphasized;  and,  again,  it  is  mainly  this  form  that  lends  itself 
to  treatment  directed  locally  to  the  paralyzed  nerve;  that  is,  the 
paralysis  of  the  central  mechanism  of  the  seventh  being  a  part  of  a 
more  composite  clinical  manifestation,  is,  naturally,  not  open  to  direct 
therapeutic  treatment.  The  complete  paral^^sis  of  the  seventh  pro- 
duces a  curious  sense  of  discomfort  to  the  patient  apart  from  the  loss 
of  muscle  control  itself,  the  clumsiness  in  speaking  and  eating,  the  sense 
of  awkwardness  and  awareness,  to  say  nothing  of  the  occasional  some- 
what severe  pain  over  the  mastoid  region,  ofi'er  very  definite  points  of 
therapeutic  endeavor. 

The  duration  of  a  typical  facial  paralysis  can  be  considerably  short- 
ened by  active  electrical  faradization  on  the  chief  motor  points.  This 
should  be  begun  only  after  the  paralj'^sis  has  existed  for  a  few  days  and 
after  the  pain  has  practically  disappeared.  Faradization,  or  galvaniza- 
tion, should  be  at  all  times  as  gentle  as  is  consistent  with  obtaining 
slight  functional  response.  It  is  evident  that  the  only  virture  of  electrical 
treatment  in  such  cases  lies  in  the  ready  means  which  it  offers  for  a 
method  of  mechanical  stimulation.  There  is  no  other  way  known  to 
us  of  producing  movement  in  the  muscles  supplied  by  paralyzed  nerves 
but  this.  It  is  probably  true  that  the  muscles  are  thus  brought  into 
a  more  normal  relationship  with  their  blood  supply  following  move- 
ment, no  matter  how  produced. 

It  seems  reasonable  to  conclude,  therefore,  that  contractures  result- 
ing from  the  unopposed  activity  of  the  unaffected  antagonist  group 
will  be  counteracted,  and  the  most  inopportune  result  that  disturbs  the 
usual  course  of  a  Bell's  palsy  will  then  be  avoided. 

Gentle  massage  and  the  gradual  use  of  exercises  as  soon  as  voluntary 
power  has  shown  its  initial  return  are  the  therapeutic  means  that  are 
required.  No  medication  is  necessary,  except  in  cases  in  which  there 
is  considerable  pain.  The  time-honored  use  of  strychnine  can  be  dis- 
carded, as  in  small  doses  it  has  only  a  slightly  tonic  effect  on  the  general 
system,  and  its  use  in  very  powerful  doses  is  absurd,  because  to  attempt 
to  stimulate  a  completely  paralyzed  group  of  muscles  dependent  upon 
a  neuritic  group  process  in  its  supplying  nerve  is  the  height  of  thera- 
peutic stupidity.  The  patients,  as  a  rule,  need  no  other  treatment, 
with  the  exception  of  the  mental  stimulation  which  a  fa^•orable  out- 
come of  such  an  affliction  guarantees.  This  can  be  almost  always  given 
to  them.  Naturally,  there  are  some  cases  which  do  not  recover  com- 
pletely, and  which  leave  as  a  result  some  facial  asymmetry,  due  to 
the  lack  of  permanent  regeneration  of  a  branch  of  the  facial  distribution. 
There  is  no  particular  way  by  which,  in  a  given  case,  this  lack  of  com- 
plete return  can  be  foretold,  but  it  is  well  in  the  beginning  of  a  typical 
case  of  facial  paralysis  of  the  perii)horal  type  to  warn  the  patient  that 
there  is  a  possibility  that  an  absolute  return  to  perfect  facial  symmetry 
may  not  be  obtained,  but  that  the  chance  for  this  to  happen  is  very  small. 
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In  the  cases  of  facial  paralysis  produced  by  trauma,  or  the  results 
of  operation  on  the  mastoid  process,  by  which  the  facial  is  cut  in  the 
course  of  the  operation,  the  result,  naturally,  is  not  to  be  considered  as 
fa\-orable.  Such  cases,  however,  do  not  fall  within  the  province  of  this 
article. 

The  occurrence  of  a  bilateral  facial  neuritis,  a  double  Bell's  palsy, 
is  occasionally  met  with.  Clinically,  its  recognition  is  easy  if  the 
possibility  of  its  occurrence  is  remembered.  The  mask-like  appearance 
of  the  face  and  total  inability  of  the  patient  to  give  expression  to  emo- 
tional feelings  and  the  complete  paralj^sis  of  both  facial  territories, 
with  the  wide-open  eyes,  are  sufficiently  characteristic.  Unlike  the 
unilateral  variety,  the  bilateral  form  cannot  be  regarded  as  a  neuritis 
depending  upon  a  localized  developing  process,  such  as  is  found  in 
the  Fallopian  neuritic  type,  but  must  be  regarded  as  a  form  of  poly- 
neuritis, with  a  localized  mononeuritic  character. 

The  most  common  cause  of  neuritis  of  the  facial  bilateral  in  distri- 
bution is  due  to  general  infectious  processes,  which,  for  some  reason  or 
other  not  wholly  understood  at  present,  become  localized  in  the  facial 
distribution.  S}'philis  is  supposed  to  be  a  possible  cause  but  only  in 
rare  instances. 

A  form  of  bilateral  facial  palsy  met  with  occasionally  is  that  result- 
ing from  basal  fractures,  in  which  both  facial  nerves  are  caught  before 
they  emerge  from  the  skull,  either  in  the  hemorrhage  or  in  the  actual 
destruction  of  bone  structure.  In  such  cases  the  regeneration  of  the 
nerves  depends  upon  the  extent  of  the  original  injury.  What  has  been 
said  of  treatment  applies  to  this  form  likewise,  merely  that  the  problem 
is  rather  more  complicated.  We  are  dealing  frequently  with  an  abso- 
lutely unknown  etiological  factor,  the  distribution  of  which  in  the  organ- 
ism is  sufficiently  restricted  to  conform  to  a  very  limited  expression  in 
both  facial  territories.  If,  however,  we  are  able  to  obtain  a  response  to 
faradism  in  the  facial,  it  is  reasonable  to  conclude  that  a  return  to  normal 
is  possible,  and  what  has  been  said  of  the  prognosis  of  the  ordinary 
Bell's  palsy  can  be  said  here,  with  such  limitations  as  have  been  sug- 
gested of  the  double.  The  prognosis,  therefore,  can  be  said  to  be  favor- 
able, but  the  time  in  which  complete  restoration  takes  place  is  much 
more  protracted  than  in  the  unilateral  forms. 

Cochlear  Nerve. — A  neuritic  process  of  the  cochlear  nerve  belongs, 
perhaps,  to  a  more  specialized  territory  than  can  be  treated  of  here. 
That  it  exists  as  apart  from  generalized  processes,  such  as  syphilis, 
tabes,  etc.,  and  apart  from  a  purely  local  condition  is,  perhaps,  ques- 
tionable. It  is  important,  however,  to  know  that  it  is  found  at  times 
with  Fallopian  neuritis  and  as  a  part  of  the  symptom-grouping  in  tumors 
of  the  brain,  particularly  in  the  pontine  angle  variety  of  the  neuromas 
and  other  widespread  processes  involving  the  central  nervous  system. 
Nerve  deafness  means  always  somewhere  in  its  course  a  neuritic  or 
a  post-neuritic  degeneration  of  the  fibers  of  the  cochlear  nerve.  What 
was  said  of  the  vagus  under  the  heading  of  neuralgias  might  be  repeated 
here  as  applying  to  auditory  neuritis.   Isolated  in  a  clinical  way,  with 
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the  possibility  of  accurate  recognition,  it  probably  does  not  at  present 
permit  of  a  place  in  any  therapeutic  consideration  of  the  neuritides. 

Spinal  Accessory  Nerve. — The  occurrence  of  isolated  spinal  accessory 
neuritis  is  a  matter  of  great  rarity,  though  instances  are  found  reported 
in  the  literature.  It  is  generally  a  form  of  pressure  neuritis,  caused  by 
trauma  acting  directly  upon  the  peripheral  course  of  the  nerve.  The 
therapy  presents  no  unusual  problem  that  would  separate  it  from  the 
more  general  consideration  of  other  forms  of  the  neuritides. 

Hypoglossus  Nerve. — The  hypoglossus,  on  the  other  hand,  is  more 
frequently  found  the  subject  of  neuritic  processes,  generally,  however, 
as  a  part  of  a  more  generalized  condition,  in  which  other  cranial  nerves 
are  found  likewise  involved.  As  isolated,  it  is  generally  unilateral  in 
type,  and  for  its  occurrence  there  is  generally  a  local  cause  to  be  dis- 
covered, frequently  of  a  traumatic  origin. 

The  neuritic  degeneration  of  both  h^^DOglossi  as  a  part  of  the  pro- 
gressive degeneration  of  the  bulbar  type  palsy  can  easily  be  recognized, 
and  its  treatment  is  involved  with  that  of  the  process  in  general. 

Cranial  Nerve. — In  a  cranial  nerve  involvement  the  distinction  should 
be  made,  if  possible,  between  the  nuclear  type  and  the  purely  periph- 
eral form.  The  fact  that  the  nuclear  types  represents  very  unfavor- 
able subjects  for  treatment  is  of  therapeutic  importance.  The  reverse 
is  true  of  the  peripheral  types,  particularly  those  which  have  a  possible 
relationship  with  toxic  processes,  or  are  due  to  the  presence  of  poisons 
in  the  circulation,  however  introduced,  and  which  may  show  a  pre- 
dilection for  peripheral  localization.  It  is  fair  to  assume  the  possibility 
of  any  of  the  toxic,  or  poison-produced  neuritides,  and  for  this  reason 
every  precaution  should  be  taken  to  exclude  these  in  the  search  for 
causative  agents.  It  must  not  be  forgotten  that  clinically  there  may 
be  few  differences  between  a  degeneration  which  is  nuclear  and  one 
which  is  peripheral  in  type.  Their  distinction  is  largely  based  upon 
causes,  and  effort  should  be  put  forth  in  this  direction. 

Plexus  Neuritides. — Plexus  neuritides  can  be  considered  as  a  form  of 
mononeuritis,  in  which  the  general  picture  becomes  limited  to  some 
particular  plexus,  or  nerve  group,  having  more  or  less  a  common  func- 
tion. The  distinction  between  the  plexus  and  the  polyneuritic  form 
is  largely  clinical;  that  is,  the  same  contributing  cause  will  produce  a 
very  different  end-result.  For  some  reason  not  entirely  clear,  the 
plexus  type  shows  no  particular  tendency  to  spread  beyond  the  initial 
point  of  localization,  and,  further,  shows  no  particular  selection  and 
no  unusual  prodroma.  In  other  words,  we  have  to  do  with  more  or 
less  local  causes,  whatever  its  particular  location,  dependent,  probably, 
on  physiological  reasons,  among  which  a  previous  fatigue,  or  oxer- 
action,  or  lessened  resistance,  are  the  principal  features  of  importance. 

Leaving  aside  the  efl'ect  of  traumas,  violent  injuries,  etc.,  we  have 
to  face  a  well-defined  inflammatory  process  limited  to  the  brachial 
plexus,  and  jjractically  the  same  condition  may  be  present  in  the  lumbar, 
or  any  other  grouping  of  ]){Tii)heral  iktvos  having  a  peripheral  dis- 
tribution. 
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The  same  distinction  is  to  be  made  between  the  plexus  and  root 
neuritides  that  was  touched  upon  in  the  neuralgias,  and  for  the  same 
important  therapeutic  reasons. 

Treatment,  apart  from  the  relief  of  pain  and  discomfort,  has  largely 
become  a  question  of  the  diagnosis,  and  the  discovery  of  the  anatomical 
distribution  of  the  actuating  factors. 

The  prognosis  is  so  dependent  upon  the  nature  and  localization  of 
the  causative  agency  that  their  demarcation  becomes  of  some  impor- 
tance. Any  process  located  in  the  spinal  canal,  or  its  osseous  casing, 
or  the  spinal  cord  itself,  may  conceivably  act  in  the  production  of  a 
root  process,  and  by  its  further  extension  into  a  plexus,  or  peripheral 
localization.  In  this  way  the  clinical  phenomena  may  be  somewhat 
confusing. 

The  bilateral  character,  as  a  rule,  belongs  to  the  root  processes,  as 
opposed  to  the  unilateral  character  of  the  plexus  type.  This  differenti- 
ation is  of  some  value  in  differentiating  the  true  conditions.  More  and 
more  does  the  question  of  diagnosis  come  into  the  problem,  and  many 
a  failure  in  treatment  is  to  be  explained  by  the  inability  to  interpret 
properly  the  clinical  data  which  are  obtained.  Tumors  of  the 
cord,  tuberculosis,  osseous  processes  of  various  sorts  acting  mechan- 
ically, s}T)hilis,  or  other  constitutional  states  are  some  of  the  common 
causes  of  plexus  or  root  neuritis.  These  conditions  all  would  give  about 
the  same  clinical  appearance,  and  none  of  them  can  be  properly  or 
successfully  treated  unless  the  causative  agent  is  discovered.  Fre- 
quently this  discovery  is  only  made  after  the  degenerative  processes 
have  gone  so  far  as  to  preclude  the  normal  resumption  of  function. 

The  direct  therapeutic  problem  in  plexus  or  root  neuritis  is  much  the 
same  as  in  other  forms  of  mononeuritis.  With  the  discovery  of  the 
cause,  our  chief  efforts  at  relief  may  take  a  direct  line  of  action,  aiming 
at  the  removal,  or  the  modification,  of  the  offending  process,  which, 
in  the  absence  of  this  knowledge,  makes  our  efforts  generally  halting 
and  indirect.  To  treat  merely  the  symptoms  of  pain  and  muscular 
insufficiency  is  to  lose  the  chance  of  permanently  benefiting  the  patient, 
instead  of  temporarily  relieving  him.  The  brachial  neuritis,  for  example, 
may  be  but  a  part  of  the  process  involving  the  shoulder-joint,  a  cervical 
rib,  a  pachymeningitis,  or  an  old  injury  long  lost  sight  of.  The  a:-ray 
may  reveal  the  true  actuating  cause,  and  our  main  therapeutic  endeavor 
in  such  instances  should  be  directed  to  the  shoulder,  and,  secondarily, 
to  the  peripheral  components. 

A  radicular  neuritis,  due  to  pressure  from  meningitic  infiltration, 
or  a  cord  tumor,  cannot  be  treated  by  massage  and  electricity  with 
any  chance  for  relief,  when  the  more  extended  factor  lies  untouched 
and  far  removed  from  ordinary  therapeutic  efforts. 
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THE  TREATMENT  OF  INJURIES  TO  THE  PERIPHERAL 

NERVES 

By  JAMES  SHERREN,  F.R.C.S.,  Eng. 

Injury  may  affect  a  peripheral  nerve  either  in  its  course  (in  con- 
tinuity) or  at  its  termination,  one  of  its  branches  of  distribution  being 
involved.  The  effect  of  injury  in  these  two  situations  must  be  separately 
considered,  as  the  symptoms  produced  and  the  method  of  treatment 
differ. 

Injury  in  Continuity. — This  may  result  from  penetrating  wounds  of 
accidental  or  operative  origin,  from  overstretching  (traction)  or  as  the 
result  of  pressure,  suddenly  applied  as  by  a  blow,  long  continued  the 
result  of  involvement  in  callus  or  fibrous  tissue.  The  median,  ulnar, 
and  radial  nerves  at  the  wrist  are  particularly  liable  to  suffer  from 
accidental  wounds;  the  spinal  accessor}^,  facial,  last  dorsal,  and  ilio- 
hypogastric are  the  nerves  most  often  wounded  during  the  course  of 
operations. 

The  brachial  plexus  above  the  clavicle  and  the  median  nerve  at  the 
wrist  are  those  most  often  affected  by  traction.  The  nerves  of  the  arm 
from  pressure,  sudden  or  long  continued. 

Many  nerve  injuries  are  preventable.  Such  are  the  injuries  of  the 
last  dorsal,  ilio-hypogastric  and  ilio-inguinal  nerves  in  kidney,  appendix, 
and  hernia  operations.  The  symptoms  produced  by  these  injuries  may 
be  more  irritating  to  the  patient  than  the  condition  for  which  the  opera- 
tion was  performed.  Again,  injuries  to  the  facial  and  spinal  accessory 
nerves  in  operations  upon  the  mastoid  process  and  neck  are  rarely 
unavoidable.  Sufficient  thought  is  not,  as  a  rule,  given  to  the  care 
necessary  to  avoid  injury  to  important  nerves  during  the  course  of 
operations.  J.  P.  Hoguet  has  recently  redirected  attention  to  nerve 
injury  during  the  course  of  abdominal  operations. 

Many  traction  injuries  would  not  arise  if  the  possibility  of  their 
occurrence  in  certain  procedures  were  remembered.  The  post-anes- 
thetic brachial  palsies  result  from  overstretching,  and  can  be  avoided 
by  having  the  patient's  upper  limbs  closely  applied  to  the  side  during 
the  whole  course  of  the  operation.  Brachial  birth  paralysis  could 
often  be  prevented  if  the  accoucheur  remembered  it  was  due  in 
practically  every  case  to  "pulling." 

Again,  injuries  the  result  of  pressure  not  infrequently  originate 
during  the  course  of  surgical  manii)ulati()ns,  for  example,  injury  to  the 
nerves  of  the  upper  limb  from  the  application  of  an  Esmarch  bandage 
(54) 
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or  tourniquet,  or  associcated  with  Volkmann's  ischemic  contracture 
from  the  pressure  of  spHnts,  strapping  or  effused  blood;  to  the  uhiar 
nerve  from  tlie  pressure  of  strapping  used  in  putting  up  a  fracture  of 
the  clavicle  by  Sayre's  method;  to  the  external  popliteal  from  the 
pressure  of  a  Clover's  crutch;  the  musculospiral  from  crutch  pressure, 
or  the  plexus  below  the  clavicle  from  the  reduction  of  a  dislocation 
of  the  humerus  by  the  "heel  in  axilla"  method. 

However  caused,  nerve  injuries  fall  into  two  groups — complete 
and  incomplete  division,  the  word  division  being  used  in  connection 
with  the  conducting  portion  of  the  nerve.  Complete  division  with 
degeneration  of  the  peripheral  end  may  result  from  an  injury  which 
leaves  the  naked  eye  continuity  of  the  nerve  intact ;  this  form  of  division 
is  called  physiological  and  is  of  the  utmost  importance  from  the  point 
of  view  of  recover}'-  (vide  p.  59).  When  anatomical  solution  of  con- 
tinuity is  produced,  the  division  is  called  anatomical. 

The  complete  classification  is  into: 
^      ,      T  .  .        r  Anatomical. 
Complete  division    |  physiological. 

T         1  ,    1-  .  .     f  Anatomical. 
Incomplete  division  j  Physiological. 
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Symptoms   following   Complete   Division.  —  Sensory   Symptoms. — 

Complete  division  of  a  mixed  nerve  results  in  loss  of  those  forms  of 
sensibility  which  it  "exclusively"  supplies,  together  with  paralysis 
of  the  muscles  to  which  it  sends  motor  fibers. 

The  following  conclusions  were  arrived  at  as  the  result  of  the 
investigations  of  Henry  Head  and  the  writer. 

The  afferent  fibers  in  peripheral  nerves  can  be  divided  into  three 
systems: 

1.  Those  which  subserve  deep  sensibility  and  conduct  the  impulses 
produced  by  pressure.  The  fibers  of  this  system  run  mainly  with  motor 
nerves  and  are  not  destroyed  by  division  of  all  the  sensory  nerves  to 
the  skin. 

In  a  part  innervated  only  by  this  system  gradual  increase  in  pressure 
can  be  recognized  and  pain  experienced  when  such  pressure  becomes 
excessive.  The  patient  can  also  appreciate  the  extent  and  direction 
of  movements  produced  passively  in  all  the  joints  within  the  affected 
area. 

2.  Those  which  subserve  protopathic  sensibility.  This  system  of 
fibers  and  end  organs  respond  to  painful  cutaneous  stimuli  and  to  the 
extremes  of  heat  and  cold ;  it  also  endows  the  hairs  with  the  power  of 
reacting  to  painful  stimuli.  The  distribution  of  the  protopathic  fibers 
usually  overlaps  greatly  the  area  supplied  by  similar  fibers  from 
adjacent  nerves. 

3.  Those  which  subserve  epicritic  sensibility.  The  nerve  fibers  and 
end  organs  of  this  system  endow  the  part  with  the  power  of  responding 
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to  light  touch  with  a  well-locaHzed  sensation.  The  existence  of  this 
system  enables  us  to  discriminate  two  points:  and  to  appreciate  the 
difference  between  cool  and  warm.  The  distribution  of  these  fibers 
in  large  peripheral  nerves,  such  as  the  median  and  ulnar,  has  very 
little  overlap  compared  with  the  great  overlapping  of  the  protopathic 
supply. 

These  investigations  were  carried  farther,  particularly  with  regard 
to  deep  sensibility  and  the  distribution  of  heat  and  cold  spots  by  Head 
and  Rivers  after  voluntary  section  of  the  radial  and  external  cutaneous 
nerves  in  the  former's  arm. 


Fia.  1 


To  illustrate  the  changes  in  sensibility  met  with  after  complete  division  of  a  peripheral  nerve. 
The  area  inclosed  by  a  line  is  that  in  which  epicritic  sensibility  is  lost.  The  shaded  area  is  that 
of  loss  of  epicritic  and  protopathic  sensation,    The  unshaded  portion  is  the   'intermediate  zone." 

To  illustrate  these  changes  in  sensibility  after  division  of  a  mixed 
nerve  the  median  is  an  excellent  example  (see  Fig.  1).  After  complete 
division  of  this  nerve  at  the  wrist,  if  no  tendons  have  been  divided  at 
the  same  time,  the  patient  is  able  to  appreciate  those  stimuli  commonly 
called  tactile.  A  touch  with  anything  which  deforms  the  skin  may  be 
readily  appreciated  and  correctly  localized.  When  pricked  with  a 
pin  the  patient  knows  that  he  has  been  touched  but  fails  to  perceive 
the  sharpness  of  the  stimulus  (deep  sensibility).  But  if  tendons  are 
divided  at  the  same  time  or  the  section  involves  the  nerve  above  the 
point  at  which  its  muscular  branches  are  given  off,  deep  touch  may  be 
unperceived.  These  characteristics  are  of  the  utmost  importance; 
many  cases  of  nerve  injury  have  been  overlooked  from  failure  to 
recognize  these  facts. 

The  point  of  a  pin  and  all  temperatures  are  unappreciated  within 
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an  area  which  varies  somewhat  iff  each  case  (loss  of  protopathic  sen- 
sibiHty).  Surrounding  this  area  and  corresponding  closely  to  the 
distribution  of  the  nerve  as  figured  in  anatomical  text-books  is  a  terri- 
tory within  which  the  patient  ie*  unable  to  appreciate  light  touches 
with  cotton-wool  and  temjDeratures  between  about  22°  and  40°  C. 
(minor  degrees  of  temperature),  and  fails  to  discriminate  the  points 
of  a  pair  of  compasses  when  separated  to  many  times  the  distance 
necessary  over  the  corresponding  portion  of  the  sound  limb  or  the 
unaffected  portion  of  the  injured  one  (loss  of  epicritic  sensibility). 
Within  this  area  of  loss  of  sensibility  to  light  touch,  to  which  we  gave 
the  name  of  "intermediate  zone,"  the  patient  is  able  to  appreciate 
the  sharpness  of  a  pin  prick  and  to  differentiate  temperatures  below 
18°  C.  from  those  above  45°  C,  naming  them  correctly. 

Division  of  a  peripheral  nerve  produces  a  well-defined  loss  of  epi- 
critic sensibility,  a  smaller  loss  of  protopathic  sensibility  -^ath,  as  a 
rule,  ill-defined  limits.   In  many  cases  there  is  no  loss  of  deep  sensibility. 

Complete  division  of  certain  nerve  branches  produces  no  objective 
change  in  sensibility,  these  are  the  musculospiral  below  the  point  at 
which  its  external  cutaneous  branches  are  given  off,  the  radial  and 
certain  cervical  anterior  primary  divisions. 

After  Results. — The  area  of  loss  of  protopathic  sensibility  may  undergo 
some  slight  diminution,  although  no  union  with  its  own  central  end 
has  taken  place.  This  is  due  to  reunion  with  the  central  nervous 
system  throughout  branches  of  cut  nerves  in  the  surrounding  tissues, 
and  not  as  was  at  one  time  suggested  to  the  encroachment  of  nerve  fibers 
from  surrounding  areas.  After  the  freeing  necessary  before  secondary 
suture,  the  loss  of  sensibility  becomes  as  extensive  as  it  was  immedi- 
atelv  after  division. 

The  skin  becomes  thin,  red,  and  shiny,  and  the  fingers  taper  through 
wasting  of  their  "pulp."  These  changes  may,  to  a  certain  extent,  be 
prevented  by  systematic  massage.  Ulcers  may  appear  as  the  result  of 
injury  so  slight  that  a  neighboring  sound  part  is  not  affected  by  the 
same  trauma,  but  after  complete  division  they  do  not  arise  sponta- 
neously. 

Nails  become  altered  in  texture  and  lose  their  gloss,  but  their  rate  of 
growth  is  not  altered  except  as  the  result  of  interference  with  voluntary 
movement. 

Motor  Symptoms. — The  detection  of  the  paralysis  may  need  careful 
examination,  for  the  movements  with  which  the  contraction  of  the 
affected  muscles  is  usually  associated  may  be  performed  by  other 
muscles.  This  has  led  to  many  cases  of  injury  being  overlooked  and 
is  not  yet  fully  appreciated.  Swan  in  1834  recognized  this  and  wrote 
"I  .  .  .  concluded  that  misconceptions  have  arisen  from  con- 
sidering the  general  motion  of  the  limb  as  evidence  of  the  restoration 
of  the  nerve." 

Letievant  laid  great  stress  on  this  imitation  by  unaffected  muscles 
of  the  movements  usually  performed  by  those  paralyzed  (motilite 
suppleer). 
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This  most  often  leads  to  difficulties  in  injuries  of  the  median  and 
ulnar  nerves  at  the  wrist;  paralysis  of  the  abductor  and  adductors  of 
the  thumb,  of  the  opponens  pollicis,  and  of  the  interossei  may  be  easily 
overlooked. 

Unless  care  be  taken  the  affected  muscles  rapidly  waste  and  con- 
tractions develop  as  the  result  of  the  overaction  of  opposing  muscles. 

The  affected  muscles  cease  to  respond  to  stimulation  with  the  inter- 
rupted current  applied  over  their  motor  point  in  from  four  to  seven 
days.  By  about  the  tenth  day  a  change  has  occurred  in  the  response 
given  to  stimulation  with  the  constant  current;  the  stimulus  necessary 
to  produce  it  is  greater  than  on  the  sound  side,  the  contraction  so  pro- 
duced is  sluggish  and  spreads  in  a  wave-like  manner  from  the  spot 
stimulated.  It  is  more  easily  produced  when  the  anode  is  the  testing 
electrode  (polar  reversal) .  These  changes  are  spoken  of  as  the  "  reaction 
of  degeneration." 

The  length  of  time  after  separation  from  the  central  nervous  system 
that  the  power  of  reacting  to  a  constant  current  is  retained  varies  within 
wide  limits.  It  will  depend  upon  the  means  taken  to  keep  up  their 
nutrition,  and  also  perhaps  to  reunion  with  the  central  ner\  ous  system 
by  means  of  "wound  fibers."  I  have  seen  a  patient  in  whom  the  muscles 
supplied  by  the  musculospiral  nerve  reacted  to  the  constant  current 
twenty-three  years  after  complete  division. 

Symptoms  of  Incomplete  Division  of  Peripheral  Nerves. — Under 
the  term  "incomplete  division"  those  cases  are  included  in  wliich 
conduction  is  interrupted  without  the  production  of  degeneration  in 
the  whole  of  the  peripheral  end  of  the  nerve.  It  has  been  found,  both 
clinically  and  experimentally,  that  a  considerable  portion  of  the  trunk 
of  a  nerve  may  be  divided  without  producing  any  change  or  one  of  a 
transient  nature  only.  This  is  most  important  in  connection  with  the 
operation  of  nerve  anastomosis.  I  have  on  several  occasions  divided 
one-third  of  the  internal  popliteal  nerve  without  producing  any  recog- 
nizable effect  on  motion  or  sensation. 

But  there  are  exceptions  to  this  rule;  it  applies  only  to  the  trunk 
of  a  nerve  well  above  the  point  at  which  branches  are  given  off;  if  the 
incision  cuts  into  the  nerve  just  above  the  point  of  origin  of  a  branch, 
the  signs  of  complete  division  of  that  branch  are  produced.  This  is 
confirmed  by  the  experiments  of  Bruandet  and  Humbert  who  found 
that  the  fibers  in  a  peripheral  nerve  which  go  to  make  up  any  branch 
do  not  become  grouped  together  until  just  before  it  leaves  the  parent 
trunk.  In  certain  situations  also — for  example,  in  the  anterior  primary 
division  of  the  fifth  cervical  nerve — the  nerve  fibers  are  arranged  in 
a  well-defined  order,  and  incomplete  division  of  this  nerve  may  entail 
complete  division  of  these  motor  fibers  which  supply  the  spinati  and 
deltoid  muscles.  Again,  in  the  trunk  of  the  great  sciatic  nerve  the 
external  and  internal  popliteal  nerves  remain  separate,  hence  incom- 
plete division  of  the  great  sciatic  may  cause  complete  division  of  the 
external  or  internal  popliteal  nerve. 

But  in  accidental  wounds  of  nerves,  in  addition  to  the  incomplete 
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anatomical  division  there  is  usually  physiological  division,  the  result 
of  the  transient  compression  of  the  intact  nerve  fibers  by  the  cutting 
instrument  or  effused  blood. 

Absence  of  symptoms  in  many  cases  is  due  to  the  fact  that  more 
nerve  fibers  are  present  in  the  trunk  of  a  nerve  than  are  necessary  to 
the  supply  of  the  part.  When  symptoms  are  present  the  recovery  of 
function  is  due  to  restoration  of  conduction  in  the  fibers  which  have 
suffered  an  incomplete  physiological  division.  Those  fibers  which 
are  separated  from  their  nerve  centres  must  of  course  degenerate  and 
regenerate  before  they  can  again  carry  on  their  functions.  It  must, 
however,  be  remembered  that  the  injury  to  the  anatomically  intact 
nerve  fibers  may  be  so  great  that  complete  physiological  division  is 
produced;  this  may  also  arise  at  a  later  period  as  the  result  of 
compression  by  fibrous  tissue. 

Sensory  Symptoms. — In  many  cases  there  is  no  loss  of  sensibility 
that  can  be  marked  out  by  our  present  methods  of  investigation. 
Usually  the  patient  is  conscious  of  an  area  of  skin  altered  in  sensi- 
bility, and  it  is  often  possible  to  demonstrate  this  by  the  changed 
sensibility  produced  at  its  borders  when  a  piece  of  cotton-wool  or  the 
point  of  a  needle  is  dragged  lightly  across  the  skin  from  sound  to  affected 
portions  (line  of  change).  If  the  area  of  changed  sensibility  is  well 
marked,  response  to  the  compass  test  will  be  defective. 

In  cases  of  greater  severity  the  loss  of  sensibility  to  cotton-wool 
may  be  absolute,  with  borders  as  well  defined  as  after  complete  division. 

When  the  injury  is  more  severe,  impairment  or  loss  of  protopathic 
sensibility  results  and  the  sensory  loss  may  resemble  exactly  that  seen 
after  complete  division. 

Motor  Symptoms. — It  was  for  long  the  recognized  teaching  that 
incomplete  injuries  of  nerves  affected  the  motor  more  than  the  sensory 
fibers.  I  showed  in  my  Erasmus  Wilson  Lectures  that  this  was  not 
the  case. 

Paralysis  of  some  or  all  of  the  muscles  supplied  by  the  injured  nerve 
may  result  from  incomplete  division.  It  is  only  after  sufficient  time 
(eight  to  fourteen  days)  has  elapsed,  to  allow  of  the  development  of 
electrical  changes,  that  the  diagnosis  of  incomplete  division  can  be 
made  apart  from  exploration. 

In  the  least  severe  cases  the  muscles,  though  paralyzed,  retain  their 
irritability  to  the  interrupted  current.  Usually  the  reactions  that  I 
consider  typical  of  incomplete  division  are  present.  On  about  the 
tenth  day  after  the  injury  the  muscles  do  not  respond  to  the  interrupted 
current,  but  react  in  a  characteristic  manner  when  stimulated  with 
the  constant.  The  strength  of  current  necessary  to  call  forth  the  con- 
traction is  less  than  on  the  sound  side;  the  contraction  so  produced 
is  brisk  as  compared  with  that  seen  when  the  reaction  of  degeneration 
is  present,  and  polar  reversal  is  absent. 

After  Results. — Pain  is  a  more  frequent  symptom  than  after  complete 
division,  and  is  often  accompanied  by  tenderness  of  the  skin  (hyperal- 
gesia), sometimes  by  glossy  skin  and  changes  in  the  growth  of  the  nails. 
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These  symptoms  are  irritative;  they  rarely  arise  immediately,  a 
latent  period  of  a  few  days  to  three  weeks  being  present.  The  pain 
is  most  severe  when  there  has  been  an  incomplete  anatomical  division, 
and  is  most  often  seen  after  gunshot  wounds. 

Paget  was  the  first  to  record  a  series  of  cases  of  this  nature,  but  Weir 
Mitchell,  Morehouse,  and  Keen  gave  the  first  complete  description  of 
this  condition,  named  by  them  "causalgia,"  based  upon  their  observa- 
tions of  gunshot  wounds  of  nerves  during  the  American  Civil  War. 
The  following  from  Weir  Mitchell's  book  describes  the  condition  with 
accuracy:  "The  skin  affected  in  these  cases  was  deep  red  or  mottled, 
or  red  and  pale  in  patches.  The  subcuticular  tissues  were  nearly  all 
shrunken,  and  where  the  palm  alone  was  attacked  the  part  so  diseased 
seemed  to  be  a  little  depressed  and  firmer  and  less  elastic  than  common. 
In  the  fingers  there  were  often  cracks  in  the  altered  skin,  and  the  integu- 
ments presented  the  appearance  of  being  tightly  drawn  over  the  sub- 
jacent tissues.  The  surface  of  all  the  affected  parts  was  glossy  and 
shining,  as  though  it  had  been  skilfully  varnished.  Nothing  more  curious 
than  these  red  and  shining  tissues  can  be  conceived  of.  In  most  of 
them  the  part  was  devoid  of  wrinkles  and  perfectly  free  from  hair. 
Mr.  Paget's  comparison  of  chilblains  is  one  we  often  used  to  describe 
these  appearances,  but  in  some  instances  we  have  been  more  strongly 
reminded  of  the  characters  of  certain  large,  thin,  and  polished  scars." 

But,  as  seen  in  civil  life,  the  condition  is  rarely  so  severe;  it  may  result 
from  penetrating  wounds,  primary  injury  in  association  with  fractures, 
or  a  direct  blow.  After  a  latent  period  of  a  few  days  intense  burning 
pain  makes  its  appearance.  The  painful  area  is  usually  extremely 
tender  and  maps  out  the  "full"  distribution  of  the  injured  nerve. 

Loss  of  sensibility  may  be  present,  varying  according  to  the  nerve 
injured  and  the  degree  of  that  injury;  usually  the  loss  is  of  epicritic 
sensibility  only. 

The  skin  sweats  profusely  and  the  affected  area  may  often  be  marked 
out  by  beads  of  moisture.  In  some  cases  the  subcutaneous  tissue 
appears  to  be  increased  in  size,  and  the  nails  may  become  more  curved 
and  grow  faster  than  those  of  the  unaffected  hand.  Blisters  may  make 
their  appearance  and  break  down  to  form  ulcers,  not  only  over  the 
area  of  sensory  loss,  but  often  over  the  area  in  which  there  is  hyper- 
algesia but  no  loss  of  sensibility. 

In  cases  of  incomplete  division  without  irritation  the  changes  in 
the  skin  are  little  marked  unless  the  injury  has  resulted  in  proto- 
pathic  loss,  when  they  may  resemble  those  seen  after  complete 
division. 

Method  of  Recovery. — After  complete  division  of  a  nerve  its  whole 
peripheral  end  degenerates  before  regeneration  can  take  place.  There 
is  no  exception  to  this  rule;  all  modern  experimental  and  clinical  inves- 
tigation is  opposed  to  the  conception  of  "primary  union."  All  the 
recorded  "instances"  of  this  can  be  ex{)lained  as  incorrect  inferences 
drawn  from  the  observed  facts,  as  was  first  demonstrated  by  Letievant, 
who  explained  that  the  so-called  early  recovery  of  sensibility  and 
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motion  after  suture  was  due  to  want  of  appreciation  of  the  phe- 
nomena which,  follow  division. 

After  complete  di\ision  of  a  nerve  followed  by  suture,  an  interval 
elapses  before  restoration  of  function  commences.  This  varies  with 
the  age  of  the  patient,  the  nerve  injured,  the  method  of  healing  of  the 
wound,  and  the  variety  of  suture,  being  more  rapid  in  youth  and  after 
primary  suture,  and  retarded  by  suppuration. 

Sensory  Recovery. — Sensory  recovery  may  be  divided  into  three 
stages : 

1.  Restoration  of  protopathic  sensibility. 

2.  Restoration  of  sensibility  to  light  touch  and  minor  degrees  of 
temperature. 

3.  Restoration  of  the  power  of  localization. 


Fig.  2 


Loss  of  sensibility  after  complete  division  of  ulnar  nerve. 


In  from  six  to  sixteen  weeks  the  first  stage  commences.  The  area 
of  protopathic  loss  diminishes  in  extent  and  this  form  of  recovery  is 
complete  in  from  four  to  twelve  months  after  suture.  This,  is  the  first 
stage  of  recovery  (see  Figs.  2  and  3).  During  this  stage  blisters  may 
appear  spontaneously  over  the  analgesic  area,  but  on  its  completion 
all  ulcers  heal  and  no  further  blisters  make  their  appearance. 

During  the  whole  of  the  first  stage  the  area  of  loss  of  sensibility  to 
light  touch  is  unchanged.  Gradually  it  diminishes  in  extent  from  its 
proximal  border  until,  at  a  time  varying  from  about  twelve  months 
to  eighteen  months,  the  whole  of  the  aft'ected  portion  is  sensitive  to 
light  touch  and  the  intermediate  degrees  of  temperature.  This  con- 
cludes the  second  stage  (Fig.  4). 
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The  interval  between  the  end  of  tlie  first  and  the  be^jinnin^^  of  the 
second  stage  varies  with  tiie  variety  of  suture  and  the  distance  from 


the  pcripliery  of  the  point  of  section.  After  division  of  the  median  or 
uhiar  nerves  at  the  wrist,  followed  by  primary  suture,  an  interval  of 
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more  than  about  six  weeks  is  unusual  unless  suppuration  has  occurred. 
In  favorable  cases  in  which  the  correct  after-treatment  has  been  faitli- 
fully  carried  out  it  may  be  inappreciable.  If  suppuration  occur,  or 
secondary  suture  lias  been  performed,  the  commencement  of  the  second 
stage  is  much  delayed  and  recovery  may  be  permanently  arrested. 

It  has  long  been  the  teaching  that  the  distance  from  the  periphery 
at  which  a  nerve  is  divided  affects  the  time  necessary  for  recovery. 
Taking  recovery  as  a  whole,  this  is  in  accordance  with  my  experience, 
but  it  does  not  apply  to  the  commencement  of  the  first  stage  of  sensory 
recovery.  The  distance  from  the  periphery  at  which  a  nerve  is  divided 
does  not  affect  the  interval  between  suture  and  the  commencement 
of  the  first  stage,  but  it  markedly  prolongs  the  interval  between  the 
end  of  the  first  and  the  beginning  of  the  second  stage,  and  final  recovery 
is  much  delayed. 

After  restoration  of  sensibility  to  light  touch  and  the  minor  degrees 
of  temperature  the  sensory  condition  of  the  part  is  by  no  means  normal. 
If  a  pin  be  dragged  across  the  skin  from  normal  to  affected  parts,  sensa- 
tion is  found  to  change  as  soon  as  the  old  boundary  for  the  loss  of  light 
touch  is  reached.  While  this  area  of  changed  sensibility  is  present 
the  discrimination  of  two  points  (the  compass  test)  is  always  defective. 
Improvement  in  the  power  of  accurate  localization  constitutes  the  third 
stage  of  recovery.  No  sensory  recovery  should  be  recorded  as  perfect 
unless  the  appreciation  of  the  compass  test  is  as  good  as  on  the  sound 
side.    Until  this  has  taken  place  the  part  is  useless  for  delicate  work. 

It  has  been  suggested  that  this  third  stage  of  recovery  represents 
the  time  during  which  reeducation  of  the  centre  is  taking  place.  After 
division  and  suture  it  can  rarely  happen  that  the  nerve  fibers  in  the 
central  end  reestablish  connection  with  those  fibers  and  end  organs 
with  which  they  were  originally  in  continuity.  Osborne  and  Kilving- 
ton,  as  the  result  of  experimental  work  on  axon  bifurcation,  have 
shown  that  regenerating  motor  fibers  can  divide  into  at  least  two 
separate  and  distinct  axons. 

Motor  Recovery. — At  a  time  varying  with  the  distance  of  the  injury 
from  the  periphery  and  the  age  of  the  patient  the  muscles  regain  their 
voluntary  power.  This  return  is  usually  preceded  by  a  change  in  the 
electrical  reactions  of  the  affected  muscles;  they  become  identical 
with  those  I  have  described  as  typical  of  incomplete  division.  Head 
and  the  writer  found  that  irritability  to  the  interrupted  current  is 
usually  present  on  the  same  date  as  the  first  return  of  voluntary  power 
is  noticed. 

Controversy  has  raged  over  the  question  of  the  method  of  regenera- 
tion after  section  of  a  nerve.  Of  recent  writers  on  the  subject,  Mott, 
Halliburton  and  Edmunds,  Langley  and  Anderson,  Ramon  y  Cajal, 
Mariuesco,  and  Howell  and  lluber,  have  supported  the  theory  that 
regeneration  takes  place  by  the  downgrowth  of  axis-cylinders  from  the 
central  end  into  the  nerve  sheaths  of  the  peripheral  end. 

Ballance  and  Purves  Stewart,  Kennedy,  Bethe  have  been  prominent 
upholders  of  the  theory  that  the  new  axis-cylinders  are  developed 
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in  situ,  as  the  result  of  tlie  action  of  the  neurilemma  cells  and  become 
secondarily  connected  with  the  central  nervous  system. 

All  recent  writers  are  agreed  that  with  or  without  union  with  the 
central  system,  proliferation  of  the  neurilemma  cells  leads  to  the  forma- 
tion of  a  strand  of  spindle-shaped  fibers  called  "embryonic  nerve  fibers," 
"band  fibers,"  " neuroplastic  fibers."  Certain  observers,  among  whom 
are  Ballance,  Purves  Stewart,  Bethe,  and  Langley  and  Anderson,  have 
found  medullated  axis-cylinders  developed  in  peripheral  ends  entirely 
separated  from  their  own  central  ends.  The  former  observers  consider 
this  as  evidence  of  autogenetic  regeneration,  but  Langley  and  Anderson 
showed  conclusively  that  it  was  due  to  union  with  the  central  nervous 
system  through  nerves  in  the  tissues  around.  All  the  new  medullated 
fibers  degenerated  when  the  nerves  which  ran  to  the  tissues  near  the 
cut  end  were  divided  close  to  the  spinal  cord.  Harrison's  experimental 
embryological  work  shows  that  the  developing  nerve  fiber  is  of  central 
origin. 

It  seems  certain  that  no  regeneration  takes  place  in  the  periph- 
eral end  of  a  divided  nerve  without  union  with  the  central  nervous 
system. 

After  incomplete  division  of  a  mixed  nerve  the  loss  of  sensation  and 
motion  may  at  first  resemble  that  which  follows  complete  division,  but 
the  method  of  recovery  is  entirely  different. 

After  complete  division  of  a  nerve  and  suture,  sensibility  to  prick 
is  restored  before  the  commencement  of  recovery  of  sensibility  to  light 
touch.   Complete  sensory  recovery  often  occupies  several  years. 

But  after  incomplete  division  sensibility  to  light  touch  and  to  prick 
are  restored  together  (see  Figs.  5  and  6),  and,  unless  nerve  fibers  have 
been  anatomically  divided  in  considerable  number,  the  power  of  appre- 
ciating two  points  (the  compass  test)  is  soon  regained.  This  is  an 
extremely  important  point,  for  upon  the  recovery  of  this  power  of  locali- 
zation depends  the  utility  of  the  part  for  fine  work.  It  is  important 
to  recognize  that  in  injuries  of  nerves  without  interruption  of  their 
anatomical  continuity  the  power  of  localization  returns  quickly — unless 
the  injury  has  been  sufficient  to  cause  complete  division,  in  this  case 
the  usual  three  stages  are  present,  but  the  time  of  the  third  stage  is 
much  shortened. 

Knowledge  of  this  method  of  sensory  recovery,  first  described  by 
Head  and  the  writer,  is  a  valuable  addition  to  our  powers  of  diagnosis. 
If  both  forms  of  sensibility  are  recovering  together,  it  is  certain  that 
the  injury  has  not  been  severe  enough  to  produce  complete  interruption 
of  conduction  in  the  injured  nerve,  with  degeneration  of  the  whole 
peripheral  end. 

Motor  recovery  after  incomplete  division  follows  the  same  march 
as  after  complete;  the  muscles  nearest  the  seat  of  the  injury  first  regain 
voluntary  power  and  excitability  to  the  interruj^ted  current. 

In  the  cases  in  which  the  reactions  typical  of  incomplete  division 
are  present,  voluntary  power  usually  returns  before  the  reestablish- 
ment  of  excitability  to  the  interrupted  current. 
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Sensory  recovery  usually  begins  in  about  three  weeks  and  is  complete 
in  about  six  months.  Motor  recovery  in  from  a  few  days  to  ten  weeks. 


Fig.  5 


Loss  of  sensibility  after  complete  division  of  ulnar  nerve. 


Fig.  6 


Showing  method  of  recovery  after  incomplete  division. 


These  times  of  motor  and  sensory  recovery  are  approximate  only, 
and  vary  with  the  severity  of  the  injury  and  its  distance  from  the 
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periphery.  When  epicritic  sensibiHty  alone  is  lost  recovery  is  much  more 
rapid  than  when  both  forms  of  sensibility  are  affected.  When  the  injury 
affects  the  brachial  plexus,  considerably  longer  time  is  necessary  for 
the  commencement  and  progress  of  recovery. 

To  sum  up,  after  incomplete  division  of  a  mixed  nerve,  botli  forms 
of  sensibility  (epicritic  and  protopathic) ,  if  lost,  return  at  the  same  time, 
commencing  at  a  date  which  varies  with  the  distance  of  the  injury 
from  the  periphery  from  about  three  weeks  at  the  wrist  to  six  months 
in  the  plexus,  and  also  with  the  degree  of  the  injury.  Complete  recovery, 
as  a  rule,  rapidly  ensues.  Muscular  recovery  commences  at  a  time  which 
varies  in  the  same  way.  In  cases  in  which  the  muscles,  though  para- 
lyzed, retain  their  irritability  to  the  interrupted  current,  recovery  com- 
mences in  three  or  four  weeks,  sometimes  earlier,  and  soon  becomes 
perfect.  This  degree  of  injury  is  seen  most  often  as  the  result  of  com- 
pression of  the  musculospiral  nerve,  producing  sleep,  anesthetic  or 
crutch  paralysis.  If  the  reactions  typical  of  incomplete  division  are 
present  a  much  longer  time  is  necessary. 

After  neurolysis,  or  when  the  nerve  has  been  relieved  from  any  form 
of  pressure,  recovery  follows  exactly  the  same  lines. 

Method  of  Examination. — It  is  necessary  to  follow  some  definite 
plan  or  important  points  are  omitted.  Diagnosis  consists  in  the  dis- 
covery of  the  nerve  or  nerves  injured,  the  position  of  the  injury  and  its 
nature,  whether  complete  or  incomplete. 

The  history  should  first  be  taken.  Important  points  to  be  elicited 
are :  the  date  of  the  accident  and  its  exact  nature;  what  symptoms  point- 
ing to  a  nerve  injury  first  attracted  the  attention  of  the  patient,  and 
the  time  after  the  accident  they  were  noticed. 

In  old  cases  inquiry  should  be  made  for  increase  or  diminution  in 
the  extent  or  degree  of  the  sensory  or  motor  symptoms.  If  pain  has 
been  present  at  any  time,  questions  must  be  put  to  ascertain  the  date 
of  its  onset,  its  exact  distribution  and  character,  if  it  varies  in  severity 
from  time  to  time,  if  it  has  spread  to  areas  other  than  that  first  affected, 
or  the  patient  is  aware  of  anything  that  increases  it  or  can  obtain 
relief  from  it  in  any  way.  Some  idea  must  be  formed  of  its  se^■erity, 
whether  keeping  the  patient  awake  at  night,  or  affecting  his  mental 
condition  or  general  health.  If  the  nerve  was  injured  in  a  wound,  how 
long  the  wound  took  to  heal,  and  the  nature  of  its  treatment. 

It  is  useful  to  conduct  the  routine  examination  under  the  following 
three  headings:  (1)  General  inspection  of  the  part  injured;  (2)  examin- 
ation of  sensation;  (3)  examination  of  muscles. 

1.  General  Inspection  of  the  Part  Injured. — (a)  Position  of  injured 
part  or  limb.  (6)  Wounds,  scars,  etc.  (c)  Condition  of  skin:  changes 
in  color,  desquamation,  blisters,  ulcers,  alterations  in  temperature. 
(d)  Condition  of  nails  and  hair. 

2.  Examination  of  Sensation.^ — (a)  For  tenderness,  (b)  For  loss  of 
epicritic,  pr()t()j)jithic,  and  decj)  sensibility. 

3.  Muscular  Examination. — (a)  Wasting,  general  and  localized,  con- 
tractures.   (6)  Paralysis,    (c)  Electrical  changes. 
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1.  (a)  The  position  taken  up  by  the  injured  Hmb  or  part  may  point 
to  the  nerve  or  nerves  involved;  the  drop-wrist  of  musculospiral  injury, 
the  drop  foot  of  injury  to  the  external  popliteal,  the  ulnar  hand  and 
the  true  "claw  hand"  of  injury  to  the  median  and  ulnar,  inner  cord 
of  the  plexus  or  first  dorsal  root  are  examples. 

(6)  The  nature  and  anatomical  position  of  wounds  and  scars  must 
be  noted.  If  a  scar,  whether  showing  signs  of  primary  union  or  of  heal- 
ing by  granulations,  whether  free  of  the  deep  tissues,  or,  if  adherent, 
to  what  structures?  Palpation  in  the  neighborhood  may  reveal  the 
presence  of  bulbous  enlargements,  or  of  tenderness  accompanied  by 
pain  referred  to  the  affected  limb. 

(c)  The  condition  of  the  skin  should  always  be  investigated;  the 
desquamating  skin  seen  a  few  days  after  the  injury,  the  dry,  bluish- 
pink,  atrophic  skin  of  a  later  period  or  the  true  "glossy"  skin,  often 
covered  with  beads  of  perspiration,  will  all  aid  in  diagnosis.  When 
blisters  are  present,  their  exact  situation  and  relation  to  the  area  of 
protopathic  or  of  epicritic  loss.  A  note  should  be  made  as  to  the  mode 
of  onset  of  the  blisters  or  ulcers,  if  they  originated  in  response  to  injury 
or  appeared  spontaneously.  The  latter  may  point  to  commencing 
recovery. 

(d)  The  nails  should  be  examined  for  changes  in  color  or  gloss, 
for  brittleness,  growi;h  of  epithelium  under  the  free  edge,  curvature, 
ridging,  etc. 

2.  In  testing  sensation  the  patient  should  be  comfortably  seated 
with  the  affected  part  resting  easily,  so  that  no  restraint  is  imposed  or 
muscular  effort  necessary  to  maintain  its  position.  The  eyes  of  the 
patient  should  be  closed,  and  he  should  be  told  to  speak  whenever  he 
feels  anything,  whether  a  prick,  a  touch,  or  any  other  sensation  or  change 
in  sensation.  The  usual  method  of  testing,  touching,  or  pricking  the 
patient  and  saying  "do  you  feel  this,  etc.?"  is  more  time-consuming 
and  quite  untrustworthy. 

(a)  If  pain  is  complained  of  or  the  condition  of  the  part  is  suggestive, 
the  examination  should  be  first  conducted  to  find  out  if  tenderness 
of  the  skin  is  present  and  its  exact  extent  marked  out.  This  can  be 
done  by  dragging  the  point  of  a  pin  lightly  across  the  limb  from  the 
sound  to  the  affected  side,  the  patient  being  told  to  speak  as  soon  as 
the  stimulus  becomes  painful. 

(6)  The  condition  of  epicritic  sensibility  should  be  first  investigated. 

For  routine  clinical  work  the  testing  of  light  touch  is  usually  suffi- 
cient; but  temperature  tests  and  the  compass  test  should  be  employed 
in  any  difficult  or  doubtful  case.  Light  touch  is  tested  by  means  of 
cotton-wool  rolled  up  to  form  a  pledget,  or  a  soft  camel 's-hair  brush 
stroked  gently  over  the  affected  part.  This  test  must  be  applied  care- 
fully. If  used  roughly,  or  applied  at  right  angles  to  the  surface,  deep 
touch  may  be  evoked;  even  when  lightly  employed  over  desquamating 
areas  this  stimulus  may  be  appreciated  by  means  of  deep  sensibility. 

Errors  may  also  arise  over  hair-clad  parts  in  which  there  is  retention 
or  return  of  sensibility  to  prick.    The  sensation  produced  by  cotton- 
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wool  in  these  cases  is  difFerent  from  that  given  by  stimulation  of  the 
hairs  on  a  normal  part  of  the  limb  with  cotton-wool;  it  possesses  the 
radiating,  tingling  character  associated  with  protopathic  sensibility. 
On  shaving  a  part  in  this  condition  it  becomes  entirely  insensitive 
to  cotton-wool.  This  should  be  done  in  all  cases  of  doubt  and  the 
temperature  and  compass  tests  applied. 

Glass  test-tubes  containing  ice  and  water  at  50°  C.  are  used  for 
investigating  the  extreme  degrees  of  temperature.  For  minor  degrees 
similar  tubes  containing  water  at  about  24°  and  38°  C;  these  tempera- 
tures should  be  readily  discriminated  by  the  patient  as  cool  and  warm 
over  the  corresponding  sound  part.  So  many  difficulties  surround  the 
testing  of  the  minor  degrees  of  temperature  that  too  much  reliance 
should  not  be  placed  on  failure  to  discriminate* 

In  applying  the  compass  test  the  blunt  points  of  a  pair  of  compasses 
are  separated  from  one  another  for  a  measured  distance.  The  skin 
of  the  affected  portion  of  the  limb  is  touched,  and  the  patient  is  asked 
to  say  after  each  stimulation  whether  he  has  been  touched  by  one  or 
two  points.  When  they  are  separated  for  less  than  a  certain  distance, 
varying  with  the  part  of  the  body  under  examination,  the  points  no 
longer  appear  as  two  on  the  normal  skin.  Head  and  the  writer 
found  that  two  points  could  be  accurately  recognized  over  any  part 
of  the  normal  palm  when  separated  for  1  cm.  and  applied  transversely. 
In  carrying  out  the  test  the  method  introduced  by  us  is  useful.  The 
patient  is  touched  ten  times  with  one  point,  ten  times  ^^dth  two,  each 
being  applied  at  random.  The  results  are  recorded  graphically  in  the 
following  manner :  Every  time  the  patient's  answer  is  correct  a  stroke 
is  made,  above  a  horizontal  line  if  he  was  touched  with  one  point,  below 
if  he  was  touched  with  two.  An  incorrect  answer  is  recorded  by  a 
cross.  Thus,  if  he  answers  one  when  touched  with  two  points  a  cross 
is  placed  below  the  line.  A  preceding  stimulus  frequently  has  an  effect 
upon  those  which  follow  it,  and  to  register  the  order  in  which  the 
stimuli  have  been  applied  is  therefore  an  additional  aid  to  the  inter- 
pretation of  the  records.  Thus,  if  the  testing  began  with  four  double 
touches  correctly  answered  four  strokes  would  be  made  below  the  line. 
At  the  point  above  the  line  directly  over  the  last  of  these  would  begin 
the  record  of  the  subsequent  single  stimuli;  in  this  way  the  results  of 
all  further  stimuli  are  recorded  until  the  number  is  complete. 

Perfect  appreciation  of  the  compass  points  at  a  distance  of  2  cm. 
would  be  represented  thus: 

2  pm  1—   ni      II  mil 
•  2   nil      III  III 

If,  however,  the  patient  is  unable  to  differentiate  the  two  points  at 
this  distance,  answering  one  to  every  stimulation,  the  record  would 
stand : 

1      IIII        II  mi 


2  cm. 


2  XX      XXX      X  XXXX 


DIVISION  OF  PERIPHERAL  NERVES 


69 


Siicli  a  formula  would  show  that  when  2  cm.  apart  the  sensation 
produced  by  two  points  is  well  below  the  threshold  at  which  discrimi- 
nation becomes  possible.  Less  complete  failure  would  be  represented 
by  some  such  formula  as: 

1  IIXX        IX  IXXI 

2  XI  IX  IIXXXX 

where  50  per  cent,  of  the  answers  are  wrong  with  one  point,  60  per 
cent,  with  two  points.  A  curious  phenomenon  is  the  tendency  to 
appreciate  one  point  as  two  as  soon  as  the  limits  of  accurate  discrimi- 
nation are  passed. 

Diagnosis. — In  injuries  of  the  cervical  and  sacral  regions  of  the  spinal 
cord  and  in  hysteria  following  injury,  difficulty  may  be  experienced. 

Spinal  Cord.— In  affections  of  the  spinal  cord  there  is  not  only  inter- 
ference with  the  conduction  of  impulses,  there  is  also  the  local  effect 
of  destruction  or  interference  with  the  function  of  the  segment  affected 
and  the  fibers  entering  it  at  this  level. 

Motion.— A  lower  segment  lesion  produces  a  flaccid  paralysis  accom- 
panied by  changes  in  the  electrical  excitability  of  the  affected  muscles, 
and  if  complete,  the  reaction  of  degeneration.  It  should  be  remembered 
that  motor  fibers  may  be  affected  at  their  anterior  horn  cells  as  the 
result  of  injury  or  anterior  poliomyelitis,  in  the  anterior  root  or  per- 
ipheral nerve.  In  all  these  situations  motion  may  be  affected  without 
change  in  sensibility. 

The  grouping  of  the  affected  muscles  may  at  once  denote  the  per- 
ipheral or  central  position  of  the  lesion.  For  example,  the  deformity 
produced  by  an  injury  of  the  ulnar  nerve  is  different  from  the  true 
claw  hand  produced  by  a  lesion  of  the  first  dorsal  root  or  segment; 
paralysis  of  the  extensors  of  the  fingers  and  thumb  and  the  ulnar  extensor 
of  the  wrist,  while  the  supinator  longus  and  radial  extensors  of  the 
wrist  remain  unaffected,  at  once  denotes  the  root  or  central  position 
of  the  lesion. 

The  Erb-Duchenne  or  the  peroneal  group  of  muscles  may  suffer 
as  the  result  of  interference  with  their  supply  in  the  anterior  horn 
root  or  peripheral  nerve.  In  the  former  case  (Erb-Duchenne)  the 
diagnosis  may  rest  entirely  upon  the  history,  for  section  of  the 
anterior  primary  division  of  the  fifth  cervical  nerve,  the  nerve  supply- 
ing this  group,  does  not  produce  any  sensory  loss.  In  the  latter  case, 
if  the  lesion  is  in  the  root  or  anterior  horn  cells,  the  tibialis  anticus  often 
escapes  and  there  is  no  loss  of  sensibility — an  impossibility  if  the  motor 
affection  were  due  to  injury  of  the  external  popliteal  nerve  which 
supplies  these  muscles. 

It  is  impossible  to  diagnosticate  by  symptoms  alone  between  a  lesion 
of  the  anterior  horn  cells  and  of  an  anterior  root.  The  necessity  for 
such  a  diagnosis  fortunately  does  not  often  arise,  and  when  it  does 
the  history  of  the  case  usually  makes  it  clear. 

Paralysis,  the  result  of  an  upper  segment  lesion,  is  easily  distin- 
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^uishcd  by  the  electrical  reactions  of  the  affectod  muscles  remaining 
unchanged  and,  in  most  cases,  by  the  spasticity  present. 

Sensation. — It  was  shown  by  Ilead,  Rivers,  and  the  author  that  the 
afferent  impulses  are  grouped  in  an  entirely  different  manner  when  the 
spinal  cord  is  reached.  The  tracts  in  the  spinal  cord  are  devoted  to 
the  conduction  of  impulses  concerned  with  pain,  heat,  cold,  and  touch; 
it  is  no  longer  a  question  of  epicritic,  protopathic,  and  deep  sensibility. 

This  subject  has  been  fully  worked  out  by  Head  and  Thompson, 
and  the  following  is  drawn  from  their  article  on  the  subject. 

Pain. — After  division  of  a  peripheral  nerve  or  posterior  root,  those 
parts  only  become  insensitive  to  the  pain  of  deep  pressure  which  are 
at  the  same  time  totally  insensitive  to  the  tactile  element  of  the  stim- 
ulus. Unless  all  deep  sensibility  be  abolished  pain  will  be  caused  by 
excessive  pressure.  But  if  the  lesion  lies  within  the  spinal  cord  sen- 
sibility to  pain  is  abolished  as  a  whole  whatever  the  form  of  stimulation. 

Heat  and  Cold. — When  the  lesion  is  within  the  spinal  cord  sensi- 
bility to  heat  may  be  abolished  without  sensibility  to  cold.  When 
sensibility  to  heat  is  abolished  in  consequence  of  an  intramedullary 
lesion,  the  patient  no  longer  appreciates  any  warm  or  hot  stimulus; 
in  the  same  way,  when  sensibility  to  cold  is  abolished  the  patient  no 
longer  appreciates  any  cold  or  cool  stimulus.  All  distinction  between 
the  minor  and  the  extreme  degrees  of  temperature  is  lost — the  apprecia- 
tion of  heat  or  of  cold  is  lost  as  a  whole.  The  patient  may  be  insensi- 
tive to  all  degrees  of  temperature  and  yet  be  able  to  appreciate  the 
lightest  touch  and  discriminate  the  points  of  a  pair  of  compasses — 
conditions  which  can  never  occur  from  a  lesion  of  a  peripheral  nerve 
only. 

Touch,  Superficial  and  Deep. — After  division  of  a  nerve  or  posterior 
root,  light  touches  with  cotton-wool  are  usually  not  appreciated,  though 
deep  touch  (pressure)  evokes  a  response.  But  when  the  lesion  lies 
within  the  spinal  cord  both  forms  of  touch  are  affected  together. 

Passive  Movement  and  Position. — After  division  of  peripheral  nerves 
the  recognition  of  passive  movement  and  of  the  position  into  which 
any  part  of  the  limb  has  been  placed  (passive  position)  is  associated 
with  the  integrity  of  deep  sensibility.  But  with  an  intramedullary 
lesion  it  is  entirely  dissociated.  The  patient  may  be  able  to  appreciate 
passive  position  and  movement  although  totally  insensiti^•e  to  every 
other  sensory  stimulus,  or  vice  versa.  In  a  similar  way,  a  patient  may 
be  able  to  appreciate  all  varieties  of  touch  perfectly,  and  yet  be  unable 
to  discriminate  two  points  (compass  test).  In  lesions  of  peripheral 
nerves  the  compass  test  is  always  affected  with  light  touch. 

A  rearrangement  of  impulses  takes  place  witliin  the  spinal  cord  and 
their  interruption  causes  loss  of  sensibility  to  pain,  heat,  cold,  or  tactile 
sensiblity  as  a  whole  instead  of  to  epicritic,  protopathic,  and,  in  some 
cases,  deep  sensibility  as  occurs  when  the  continuity  of  a  peripheral 
nerve  is  interrupted. 

Put  briefly  the  important  points  are  as  follows:  After  division  of 
a  peripheral  nerve  or  of  posterior  roots  there  may  be  loss  of  epicritic. 
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protopathic,  and  deep  sensibility.  After  division  of  a  peripheral  nerve 
the  loss  of  epicritic  sensibility  is  greater  than  the  loss  of  protopathic; 
after  division  of  posterior  roots,  the  loss  of  protopathic  sensibility 
exceeds  in  extent  the  loss  of  epicritic.  But  when  the  injury  affects 
the  spinal  cord,  pain,  temperature  appreciation,  touch,  may  be  affected 
separately.  Usually  light  and  deep  touch  are  well  recognized  although 
sensibility  to  pain  and  to  temperature  is  absent. 

In  unilateral  lesions  of  the  spinal  cord  the  appreciation  of  pain,  heat, 
and  cold  is  affected  on  the  side  opposed  to  the  lesion,  passive  movement 
and  position  on  the  side  of  the  lesion  and  the  motor  affection. 

Hysterical  Affections. — This  type  of  functional  nervous  disorder  may 
follow  any  form  of  injury;  thus  I  have  seen  anesthesia  and  paralysis 
of  the  whole  hand  follow  a  burn  of  the  thenar  eminence  in  a  woman, 
and  a  fracture  of  the  radius  in  a  boy  of  twelve.  It  may  complicate 
recovery  from  operation  and  gives  rise  to  much  difficulty  when  com- 
plicating a  nerve  injury. 

While  it  may  follow  an  injury  to  either  sex  it  is  more  often  seen  in 
the  male.  So  far  as  I  have  been  able  to  ascertain  they  are  usually 
healthy  individuals  and  may  show  no  other  hysterical  manifestation. 

As  a  rule  loss  of  sensibility  and  paralysis  are  both  present,  but  either 
may  be  found  alone,  the  former  more  often  than  the  latter.  The  loss 
of  sensibility  is  to  all  forms  equally  (including  deep  touch)  a  variety 
of  loss  that  does  not  occur  after  any  peripheral  nerve,  posterior  root, 
or  spinal-cord  injury;  its  upper  limit  usually  surrounds  the  limb,  often 
at  the  level  of  a  joint,  and  all  forms  of  sensibility  are  lost  up  to  the  same 
level.  In  the  upper  limb  the  loss  of  sensibility  may  cover  the  pectoralis 
major  muscle  in  front  and  the  scapula  behind  (fore-quarter  type). 

The  paralysis  may  persist  unchanged  for  years  and  marked  muscular 
wasting  will  then  occur.  It  is,  as  a  rule,  flaccid,  and  no  attempts  are 
made  to  throw  the  affected  muscles  into  action,  but  occasionally  a 
patient  is  met  with  in  whom  attempts  to  perform  a  movement — for 
example,  flexion  of  the  elbow — cause  an  equal  and  simultaneous  con- 
traction of  both  flexors  and  extensors,  rendering  the  diagnosis  easy. 
Contractures  may  be  present,  differing  from  those  seen  as  the  result 
of  injuries  to  nerves,  in  that  all  the  muscles  are  affected,  not  only  those 
on  the  same  side  of  the  limb  as  the  contracture.  For  example,  in  a 
contracture  at  the  elbow  of  a  hysterical  limb,  not  only  are  the  flexor 
muscles  rigid,  but  any  attempt  to  further  flex  the  forearm  is  met  by 
contraction  of  the  triceps. 

No  difficulty  should  arise  in  the  recognition  of  most  examples  of 
this  condition;  the  loss  of  sensibility  is  diagnostic  and  the  flaccid 
paralysis  with  retention  of  electrical  reactions  typical.  But  when 
complicating  a  nerve  injury  it  gives  rise  to  difficulty.  It  explains  many 
of  the  recorded  cases  of  nerve  "concussion"  in  which  paralysis  of  the 
whole  of  a  limb  results  from  a  gunshot  injury  which  may  or  may  not 
have  injured  one  nerve.  In  the  latter  case  the  widespread  symptoms 
rapidly  clear,  leaving  signs  of  involvement  of  one  definite  nerve. 

In  civil  practice  I  have  seen  several  examples  of  this  condition  some 
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time  after  the  original  accident,  but  have  not  yec  observed  it  at  the 
time  of  infliction  of  the  nerve  injury. 

Careful  attention  to  symptoms  will  enable  the  diagnosis  to  be  made. 
The  paralysis  may  be  widespread  and  aft'ect  muscles  central  to  the 
site  of  the  nerve  injury,  but  occasionally — for  example,  after  division 
of  the  median  or  ulnar  nerves  at  the  wrist — all  the  intrinsic  muscles  of 
the  hand  are  found  to  be  paralyzed,  and  only  the  electrical  examina- 
tion reveals  the  functional  nature  of  the  paralysis  of  one  group  of  these. 
In  testing  sensibility  the  remarkable  correspondence  of  the  upper 
limit  to  all  forms  of  sensibility  and  the  affection  of  deep  sensibility 
should  make  the  diagnosis,  even  in  these  cases,  easy. 

TREATMENT 

The  importance  of  early  diagnosis  and  correct  treatment  of  injury 
to  one  of  the  nerve  trunks  of  a  limb  is  impossible  to  overestimate. 
Injury  of  the  median,  ulnar,  or  musculospiral  nerves,  unless  completely 
recovered  from,  leaves  the  patient  permanently  unfitted  to  follow  any 
employment  involving  the  full  skilled  use  of  that  limb.  Prognosis 
depends  upon  prompt  treatment  at  the  time  of  the  accident  and 
efficient  supervision  for  many  months  after. 

The  treatment  of  injury  to  a  nerve  in  its  continuity  consists  in  keep- 
ing up  the  nutrition  of  the  parts  supplied  by  it  and  preventing  the 
occurrence  of  contractures  until  conduction  is  restored  by  natural 
means  alone  or  aided  by  operation.  It  must  be  remembered  that  in 
comparatively  few  cases  is  operation  necessary,  it  should  always  be 
avoided  if  possible  and  sufficient  time  given  to  be  certain  that  recovery 
will  not  ensue  unaided.  Even  when  operation  is  undertaken  every 
care  should  be  used  in  cases  of  physiological  division  to  avoid  nerve 
section,  this  must  only  be  done  if  it  is  inevitable. 

It  is  essential  to  maintain  relaxation  of  the  paralyzed  muscles  until 
voluntary  power  is  restored;  unless  this  is  done  recovery  may  be  indefi- 
nitely delayed.  I  showed  a  striking  example  of  this:  a  male,  aged 
twenty-six  years,  injured  the  musculospiral  nerve  two  and  a  half  years 
before  he  came  under  my  care.  When  I  saw  him  in  March,  1909,  all  the 
muscles  supplied  by  the  musculospiral  nerve  in  the  forearm  were  para- 
lyzed and  gave  the  "reactions  of  incomplete  division."  He  had  been 
going  about  with  his  hand  hanging  down.  I  had  the  limb  placed  on  a 
splint  with  the  fingers  extended  and  the  wrist  hyperextcnded ;  the  con- 
dition began  to  improve  at  once.  Within  a  week  the  muscles  responded 
to  stimulation  with  the  interrupted  current.  W^ithin  three  weeks  the 
extensors  of  the  wrist  and  fingers  acted  voluntarily. 

Unless  guarded  against,  contractures  will  occur  in  the  opponent 
muscles  and  may  effectually  prevent  complete  recovery.  For  example, 
if  "claw  hand"  is  allowed  to  develop  after  an  injury  to  the  ulnar 
nerve  it  is  extremely  unlikely  that  perfect  recovery  will  ever  ensue. 

This  muscular  relaxation  is  the  most  important  point  in  treatment, 
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but  it  is  the  one  most  often  neglected.  It  is  quite  useless  to  undertake 
the  treatment  of  a  case  of  nerve  injury  unless  this  can  be  carried  out. 

The  splint  or  retention  apparatus  should  be  removed  daily  if  possible, 
and  massage  should  be  regularly  employed  with  electrical  stimulation 
of  the  affected  muscles  with  whichever  current  they  will  respond  to, 
this  latter  is  not  of  such  great  importance  as  the  systematic  massage. 
As  soon  as  voluntary  power  is  restored  to  any  muscle  it  should  be 
systematically  exercised  every  day. 

In  cases  needing  operation  it  is  too  often  assumed  that  when  once 
the  ends  of  the  nerve  have  been  united  the  surgeon's  work  has  ceased; 
it  has  only  just  begun.  The  careful  supervision  of  the  patient  and  the 
direction  of  the  treatment,  it  may  be  for  two  or  three  years,  is  most 
important. 

No  work  should  be  attempted  with  the  damaged  limb.  In  complete 
injuries  the  part  must  be  protected  against  cold  and  the  patient  warned 
that  this,  and  injuries  so  slight  that  they  have  no  effect  upon  sound 
portions  of  the  limb,  may  cause  blisters  upon  the  affected  side ; .  if 
these  become  infected  serious  consequences  may  result. 

Operation  upon  Nerves. — There  are  a  few  general  points  that  should 
be  first  mentioned.  Incisions  must  be  of  sufficient  length,  any  attempt 
to  work  through  small  incisions  will  lead  to  more  damage  being  done 
to  the  nerve.  A  tourniquet  should  not  be  used;  apart  from  the  danger 
of  producing  a  fresh  nerve  injury  it  is  well  to  have  the  wound  as  dry 
as  possible;  considerable  oozing  is  inevitable  after  the  removal  of  a 
tourniquet. 

The  nerve  should  always  be  exposed  above  and  below  the  seat  of 
the  injury;  attempts  at  finding  the  nerve  at  the  actual  seat  often  lead 
to  considerable  damage  being  inflicted. 

Nerves  must  be  handled  with  the  utmost  gentleness  and  not  lifted 
on  hooks  or  forcibly  pulled  on  one  side.  The  whole  nerve  should  never 
be  grasped  in  the  forceps,  it  should  be  steadied  by  picking  up  its 
sheath  with  fine-toothed  forceps. 

Incisions  into  nerves  or  freshening  their  ends  must  be  done  with  a 
sharp  scalpel :  scissors  should  not  be  used  for  the  purpose,  as  they  crush 
the  nerve  and  render  regeneration  less  likely. 

Absorbable  material  should  always  be  used  for  sutures.  I  prefer 
No.  0  Van  Horn  catgut;  if  there  is  any  tension  it  should  be  twenty-day 
chromicized.  Silk  or  thread  must  never  be  used ;  not  only  may  it  prevent 
complete  regeneration  by  interposing  a  foreign  body  in  the  substance 
of  the  nerve,  but  it  occasionally  leads  to  neuritis  and  the  formation  of 
an  intraneural  abscess  months  or  years  later.  I  have  recorded  several 
such  cases. 

Whenever  a  nerve  has  been  freed  it  should  be  protected  by  wrapping 
with  cargile  membrane.  If  this  is  not  at  hand  it  can  be  surrounded 
by  an  excised  portion  of  one  of  the  superficial  veins  of  the  patient. 

Wounds,  especially  those  in  the  region  of  the  wrist,  should  be  cfosed 
in  layers,  and  where,  as  in  this  position,  the  limb  has  a  fascial  covering 
this  should  be  carefully  closed  or  hernia  of  the  tendons  may  result. 
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Nerve  Injuries  in  Wounds. — In  cases  of  accidental  wounds  the  possi- 
bility of  nerve  injury  must  he  borne  in  mind,  and  a  careful  examination 
conducted  before  any  attempt  is  made  at  treatment.  This  rule  is  not 
infrequently  neglected,  especially  in  the  common  glass  cut  wounds  in 
the  region  of  the  wrist,  with  the  result  that  nerves  are  left  ununited 
or  sutured  to  tendons.  Nerve  injuries  are  overlooked  not  from  a  want 
of  knowledgie,  but  as  a  result  of  imperfect  examination.  It  is  not  neces- 
sary, in  fact,  it  is  usually  impossible,  in  these  cases  to  discover  whether 
the  nerve  injury  is  complete  or  incomplete,  all  that  is  essential  is  to 
know  that  a  nerve  has  been  injured  and  then  at  exploration  to  examine 
that  nerve.  If  this  rule  were  remembered  secondary  suture  would 
become  what  it  should  be — an  almost  unknown  operation. 

When  the  fact  of  nerve  injury  in  an  accidental  wound  has  been  estab- 
lished, the  incision  necessary  for  its  exploration  should  be  so  planned 
that  it  can  be  easily  examined.  If  it  be  found  incompletely  divided 
the  gap  should  be  brought  together  with  one  catgut  stitch,  and  then 
surrounded  with  cargile  membrane  to  prevent  ingrowth  of  fibrous 
tissue  and  adhesion  to  surrounding  structures.  If  the  nerve  is  com- 
pletely divided  the  ends,  if  lacerated,  should  be  trimmed  with  a  sharp 
scalpel.  If  the  nerve  is  divided  at  two  or  more  levels  a  portion  being 
loose,  this  should  be  sutured  in.  If  so  much  is  destroyed  that  the  ends 
cannot  be  brought  into  apposition,  one  of  the  methods  described  later 
must  be  adopted. 

The  catgut  used  should  be  as  fine  as  possible  and  passed  with  a 
small  round  needle  through  the  whole  thickness  of  the  nerve  and  tied 
with  just  sufficient  force  to  bring  the  ends  into  apposition.  If  the  nerve 
is  a  large  one,  another  suture  may  be  passed  at  right  angles  to  the  first. 
The  greatest  care  must  be  taken  to  avoid  longitudinal  rotation  of  either 
end  of  the  nerve,  we  should  endeavor  to  bring  the  axis-cylinders  in 
the  central  end  of  the  nerve  opposite  their  own  severed  ends  in  the 
peripheral  portion. 

It  is  wise  in  most  cases  to  insert  a  drain  for  twenty-four  hours. 

After  suture  of  the  skin  wound  the  limb  should  be  placed  on  a  splint 
arranged  to  relax  the  paralyzed  muscles  and  prevent  tension  on  the 
nerve  junction. 

Recovery  after  Primary  Suture. — Perfect  recovery  is  possible  after 
primary  suture;  perfect  function  may  be  restored  to  the  affected  muscles 
and  no  difference  noticed  by  the  patient  in  the  sensation  of  the  part 
as  compared  with  the  corresponding  sound  one.  Although  possible, 
and  I  have  seen  it  follow  primary  suture  even  of  the  ulnar  nerve,  it  is 
unusual.  Unless  the  wound  healed  by  first  intention,  and  the  after- 
treatment  has  been  efficient,  it  cannot  be  expected  in  a  mixed  nerve. 

The  prognosis  will  depend  to  a  certain  extent  upon  the  nerve  injured; 
for  example,  the  musculospiral  nerve  in  the  lower  third  of  the  arm 
carries  no  exclusive  supply  to  any  portion  of  skin,  and  the  muscles  it 
innervates  are  not  so  intimately  associated  with  delicate  movements 
of  the  fingers  as  are  those  supplied  by  the  ulnar.  Complete  recovery 
is  reached  more  quickly  than  in  other  nerves. 
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The  further  the  seat  of  injury  from  the  periphery,  the  longer  the 
time  necessary  to  full  recovery  and  the  less  likely  is  it  to  occur. 

I  have  personally  observed  over  60  cases  of  primary  suture.  In  all 
motor  power  was  regained  and  the  second  stage  of  sensory  recovery 
completed. 

After  primary  suture  of  one  of  the  nerves  of  the  forearm,  uncom- 
plicated by  suppuration,  recovery  will  ensue  and  ultimately  become 
perfect  if  appropriate  after-treatment  is  adopted.  Muscular  power 
will  be  restored  in  about  nine  months  according  to  the  lesion,  but 
perfect  sensory  recovery  must  not  be  expected  under  three  years. 

Treatment  of  Subcutaneous  Injuries. — As  the  result  of  subcutaneous 
injury  (by  pressure  or  traction)  all  the  immediate  symptoms  of  com- 
plete division  may  develop.  There  is  no  sign  that  can  tell  us  in  these 
cases  if  the  nerve  is  ruptured  (anatomical  division)  or  is  in  naked-eye 
continuity  (physiological  division) .  It  may  be  impossible  to  make  the 
diagnosis  until  ten  or  fourteen  days  after  the  injury,  a  time  sufficient 
to  allow  for  the  development  of  the  reaction  of  degeneration. 

If  seen  at  once  the  limb  should  be  put  at  rest  with  the  paralyzed 
muscles  relaxed.  Immediate  operation  should  only  be  carried  out 
when  in  a  nerve  injury  complicating  a  fracture  the  signs  point  to 
complete  interruption  of  conduction,  and  in  injuries  of  the  brachial 
plexus  in  adults. 

Massage  should  be  regularly  employed,  and  the  muscles  electrically 
stimulated.  At  the  end  of  a  fortnight  the  electrical  reactions  should 
be  taken.  If  at  this  date  the  muscles  react  to  the  interrupted  current, 
or  give  the  reactions  of  incomplete  division,  this  treatment  should 
be  continued.  Recovery  can  be  confidently  expected  in  the  former 
case  in  a  few  weeks,  in  the  latter  in  a  few  months.  If  improvement 
does  not  take  place  or  the  nerve  has  become  secondarily  involved, 
operation  should  be  undertaken.  It  will  usually  be  found  that  the 
nerve  is  compressed.  It  should  be  freed  (neurolysis)  and  wrapped  in 
cargile  membrane;  this  latter  is  essential,  many  cases  of  relapse  have 
been  recorded  when  this  has  been  omitted. 

After  neurolysis  has  been  carried  out  recovery  is  usually  rapid.  In 
a  case  recently  under  my  care  in  which  the  median  nerve  was  com- 
pressed in  the  scar  tissue  resulting  from  a  wound  of  the  wrist  three 
and  a  half  months  previously,  the  only  sign  before  operation  indicating 
incomplete  division  was  the  electrical  reactions  of  the  paralyzed  muscles. 
When  the  stitches  were  removed  eight  days  after  neurolysis,  both 
forms  of  sensibility  had  commenced  to  recover  together,  and  within 
three  weeks  voluntary  power  had  begun  to  return. 

If  the  true  reaction  of  degeneration  has  developed,  the  condition  of 
the  nerve  should  be  investigated  by  exploration.  If  the  nerve  be  found 
ruptured  the  ends  should  be  freshened,  suture  performed,  and  the 
usual  after-treatment  adopted.  It  is  in  the  cases  in  which  the  division 
is  physiological  that  difficulties  arise;  the  rules  are  difficult  to  formulate. 
It  is  a  matter  of  personal  experience  to  decide  at  operation  between 
the  cases  that  may  be  safely  left  and  those  in  which  resection  of  the 
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damaged  portion  is  necessary.  If  on  exploration  the  nerve  appears 
little  altered  it  should  be  wrapped  in  membrane  and  left.  If  in  any 
doubt  it  is  wiser  not  to  resect. 

Nerve  Injuries  Complicating  Fractures  and  Dislocations. — The 
nerves  most  often  injured  as  the  result  of  fractures  are  the  musculo- 
spiral  in  association  with  fractures  of  the  middle  and  lower  thirds  of 
the  humerus,  the  external  popliteal  in  fractures  of  the  neck  of  the 
fibula,  the  ulnar  in  fractures  of  the  lower  end  of  the  humerus,  and 
in  rare  instances  the  median  in  Colles'  fracture. 

The  injury  may  be  primary,  the  nerve  being  ruptured;  lacerated, 
pressed  upon  by  the  fractured  ends,  or  nipped  between  them.  In 
secondary  injury  the  nerve  may  become  involved  in  callus  or  fibrous 
tissue,  or  as  occurs  especially  in  the  case  of  the  ulnar,  suffer  from  the 
effect  of  the  long-continued  pressure  of  displaced  bone. 

Primary  injury  is  more  common  than  secondary,  but  unless  definitely 
looked  for  at  the  time  of  the  accident,  symptoms  are  first  discovered 
on  removal  of  the  splints. 

If  nerve  injury  is  found  when  the  recent  fracture  is  examined,  and 
this  in  the  great  number  of  cases  will  be  the  humerus  with  involvement 
of  the  musculospiral,  operation  should  be  undertaken  without  delay.  At 
the  same  time  it  will  usually  be  wise  to  treat  the  fracture  operatively. 

When  the  injury,  as  is  so  often  the  case,  is  discovered  when  splints 
are  removed  operation  should  be  undertaken  if  the  symptoms  are  those 
of  complete  division.  The  surgeon  must  be  prepared  to  undertake  nerve 
bridging,  especially  in  old  cases,  and  have  fully  decided  what  method 
to  use.  If,  however,  they  are  those  of  incomplete  section,  operation 
must  not  be  considered,  unless  treatment  for  several  weeks  shows  that 
recovery  is  not  ensuing.  If  signs  of  nerve  involvement  develop  with 
the  use  of  the  limb,  operation  should  be  undertaken  at  once.  This  con- 
sists in  freeing  the  nerve  from  the  pressure  of  callus  or  fibrous  tissue 
and  wrapping  it  in  cargile  membrane  to  prevent  further  implication. 
Unless  this  latter  is  carried  out  the  nerve  may  again  become  involved. 

Operation  is  rarely  necessary  in  nerve  injury  associated  with  dis- 
locations. The  injury  is  seldom  secondary  and  may  be  due  to  the  injury 
producing  the  dislocation,  or  to  the  pressure  of  the  head  of  the  bone  or 
faulty  efforts  at  reduction.  In  unreduced  dislocations  of  the  head  of 
the  humerus  the  brachial  plexus  may  suffer  compression. 

It  is  in  recent  dislocations  of  the  humerus  that  injury  most  often 
occurs.  The  whole  plexus  may  suffer,  but  it  is  most  often  the  inner 
cord;  in  subglenoid  dislocations  it  is  the  posterior  cord  or  circumflex 
nerve. 

In  the  reduction  of  dislocations  of  the  hip,  congenital  or  acquired,  the 
great  sciatic  (usually  its  external  popliteal  division)  and  the  anterior 
crural  are  those  damaged.  In  forward  dislocations  of  the  head  of 
the  radius  the  posterior  interosseous  nerve. 

Treatment  proceeds  on  the  usual  lines.  In  injury  of  the  posterior 
interosseous  nerve  from  dislocation  of  the  head  of  the  radius,  operation 
is  indicated.   When  pain  results  from  the  pressure  of  the  dislocated 
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head  of  the  humerus  it  is  usually  necessary  to  free  and  wrap  the  nerves 
and  remove  the  compressing  head. 

Secondary  Suture. — By  this  I  understand  union  of  the  ends  of  a 
divided  nerve  after  degeneration  has  taken  place  in  its  peripheral  end. 
It  is  a  procedure  that  should  become  one  of  the  rarest  operations  in 
surgery.  It  may  be  unavoidable  in  a  few  cases  of  subcutaneous  injury, 
but  it  argues  a  serious  want  of  care  if  medical  treatment  was  sought 
at  the  time  the  nerve  was  divided  in  an  open  wound. 

.It  is  first  necessary  to  consider  how  long  after  injury  operation  is 
likely  to  be  followed  by  success.  This  is  always  an  extremely  difficult 
I  question  to  decide  and  depends  upon  many  factors.  If  the  nerve  was 
(  divided  in  an  open  wound,  the  method  of  healing  of  that  wound;  noth- 
ing hinders  recovery  to  so  great  an  extent  as  suppuration  in  the  original 
wound.  The  condition  of  the  muscles  as  regards  wasting  and  the  reten- 
tion of  irritability  to  the  constant  current,  the  presence  of  contractures 
in  opposing  muscles  and  the  condition  of  ligamentous  structure  sur- 
rounding joints.  The  condition  of  the  hand  of  a  patient,  for  example, 
who  has  suffered  division  of  the  ulnar  nerve  below  its  dorsal  branch 
in  whom  a  marked  claw  hand  has  developed  is  little  likely  to  be  im- 
proved by  suture,  although  the  muscles  may  regain  their  irritability 
to  the  interrupted  current. 

I  believe  that  the  time  after  the  accident  does  not  affect  it  directly. 
The  divided  peripheral  end  enters  into  the  resting  condition  and  any 
damage  that  is  to  occur  in  the  spinal  cord  occurred  early.  Bowlby 
is  also  of  this  opinion. 

It  is  extremely  important  to  attempt  to  estimate  the  probable 
extent  of  recovery;  from  the  motor  standpoint  if  great  wasting  with 
contracture  has  occurred,  as  is  so  common  after  ulnar  injuries,  oper- 
ation is  not  worth  undertaking;  but  if  trophic  ulceration  is  present, 
operation  will  prevent  this,  for  protopathic  recovery  is  almost  certain 
and  ulceration.  Head  and  the  writer  have  shown,  ceases  on  the  restora- 
tion of  protopathic  sensibility. 

Again,  it  is  useless  carrying  out  the  operation  unless  the  patient  will 
give  up  sufficient  time  to  treatment.  For  example,  if  the  musculo- 
spiral  is  the  nerve  injured,  the  patient  must  be  told  that  the  part  must 
be  kept  in  a  splint  for  six  to  nine  months  after  operation.  I  never 
undertake  operation  unless  I  am  assured  that  this  can  be  carried  out. 
The  steps  of  the  operation  are  three : 

1.  Identification  of  the  ends  of  the  nerve. 

2.  Freeing  and  freshening  the  ends  of  the  nerve. 

3.  Ileestablishment  of  anatomical  continuity. 

1.  The  incision  must  be  of  sufficient  length  to  expose  the  nerve  well 
above  and  below  the  seat  of  the  injury.  Any  attempt  to  find  it  directly 
at  the  seat  of  the  injury  will  only  lead,  in  most  cases,  to  unnecessary 
damage  being  inflicted  on  the  nerve. 

2.  The  bulb  with  the  fibrous  tissue  which  is  usually  found  surround- 
ing and  uniting  the  two  ends  should  be  well  freed  and  the  nerve 
stretched.    After  this  has  been  done  the  bulb  on  the  central  end  is 
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removed  with  a  sharp  scalpel.  From  the  lower  end  only  the  fibrous 
upper  extremity  need  be  removed;  the  whole  ot  the  lower  end  of  the 
nerve  is  in  the  same  condition. 

3.  It  often  happens  that  the  ends  do  not  come  readily  into  apposi- 
tion; it  was  for  this  reason  that  the  preliminary  stretching  was  recom- 
mended. This  will  give  fully  an  inch  in  the  upper  limb  and,  combined 
with  relaxation  of  all  the  joints  over  which  the  nerve  passes,  will 
rarely  fail  to  enable  them  to  be  brought  into  contact.  If  a  gap 
is  still  left  one  of  the  methods  described  later  should  be  adopted. 

After  closure  of  the  wound  the  limb  should  be  put  up  so  that  there 
is  no  tension  on  the  nerve  and  the  paralyzed  muscles  are  relaxed.  The 
position  necessary  to  prevent  tension  on  the  junction  must  be  main- 
tained until  the  wound  is  soundly  healed  and  then  very  gradually 
corrected. 

Recovery  and  Prognosis. — Recovery  is  much  slower  and  prognosis 
worse  then  after  primary  suture,  but  follows  the  same  stages. 

Considerable  interest  attaches  to  the  commencement  of  the  first 
stage  of  restoration  of  sensibility.  From  time  to  time  instances  of 
"rapid"  return  of  sensibility  after  secondary  suture  have  been  recorded 
by  many  observers,  among  the  more  recent  being  Ballance  and  Kennedy. 
I  have  carefully  examined  for  it  after  operation  in  37  personal  cases 
but  have  not  yet  observed  it.  My  attention  has  more  than  once  been 
drawn  by  hospital  residents  to  the  "rapid  return  of  sensibility  to 
prick,"  after  secondary  suture,  which,  on  careful  testing  in  the  usual 
manner,  proved  to  be  deep  sensibility.  In  one  patient  upon  whom  I 
had  performed  secondary  suture  of  the  median  nerve  it  was  said  that 
sensibility  to  prick  had  returned  on  the  day  following  operation.  On 
testing,  I  found  that  he  complained  of  pain  on  pressure,  but  could  not 
distinguish  the  sharpness  of  the  point  of  a  pin;  it  was  equally  painful 
and  produced  the  same  sensation  as  pressure  with  the  blunt  end  of  a 
pencil;  moreover,  he  was  entirely  insensitive  to  the  painful  interrupted 
current,  and  all  temperature  appreciation  was  absent.  There  was  no 
doubt  that  the  pain  was  that  caused  by  deep  pressure,  which  could  be 
readily  evol^d  before  operation. 

Before  concluding  that  a  rapid  return  of  sensibility  has  taken  place 
in  any  patient,  sensibility  must  be  carefully  tested  in  all  forms  and 
mapped  out  on  charts  before  and  after  suture,  at  first  day  by  day,  later 
week  by  week,  up  to  recovery.  It  is  evident,  however,  that  a  rapid 
return  of  sensibility  is  not  to  be  expected  after  secondary  suture,  and 
that  its  "occurrence"  must  be  regarded  as  unusual. 

The  time  of  commencement  of  the  first  stage  of  sensory  recovery 
may  be  shorter  than  after  primary  suture,  the  changes  of  the  peripheral 
end  necessary  to  regeneration  of  the  nerve  being  advanced  at  the  time 
of  suture.  I  have  seen  it  as  early  as  the  thirtieth  day.  But  much 
variability  obtains  and,  speaking  generally,  the  time  necessary  for  the 
completion  of  the  first  stage  is  always  long,  and  the  interval  between 
the  second  and  third  nearly  double  as  long.  I  have  never  yet  seen 
perfect  sensory  recovery  after  secondary  suture,  although  I  have 
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watched  patients  for  over  seven  years  and  examined  them  up  to  fifteen 
years  after  suture.  In  all  some  difference  could  be  appreciated  between 
the  two  limbs,  an  area  of  changed  sensibility  remaining  with  imperfect 
appreciation  of  the  compass  test.  Much  less  variation  occurs  with 
regard  to  motor  recovery  but  the  time  required  is  invariably  longer. 

Nerve  Bridging. — Under  this  general  term  may  be  included  all  those 
procedures  undertaken  to  restore  anatomical  continuity  when  ends 
cannot  be  brought  into  apposition. 

We  have  a  choice  of  methods  that  have  been  used  more  or  less 
successfully  from  time  to  time.  Those  of  proved  value  may  be  put 
into  four  groups. 

1.  Transference  of  a  portion  of  nerve  from  another  source  (nerve 
transplantation) . 

2.  Provision  of  a  path  along  which  the  nerve  may  regenerate  (tubular 
suture,  flap  operations,  etc.). 

3.  Utilization  of  neighboring  nerve  (anastomosis  or  crossing). 

4.  Shortening  the  limb  by  resection  of  bone. 

The  nomenclature  at  present  in  general  use  requires  simplification. 
The  same  terms  have  been  used  by  different  surgeons  to  denote  dis- 
similar operations,  with  results  which  are  bewildering.  I  have  suggested 
and  use  the  following:  Nerve  transplantation;  nerve  anastomosis; 
nerve  crossing.  I  consider  that  the  term  "nerve  grafting"  should  be 
discarded:  it  has  always  meant  to  the  English-speaking  surgeon  the 
insertion  of  a  portion  of  nerve  between  the  ends  of  a  divided  nerve, 
but  with  the  recent  extension  of  the  field  of  operations  on  the  per- 
ipheral nerves,  it  has  been  employed  to  denote  also  the  anastomosis 
of  one  nerve  to  another,  a  meaning  it  conveys  to  continental  surgeons. 

Nerve  transplantation  is  the  operation  of  choice.  Merzbacher  in 
his  experimental  work  found  that  when  the  portion  of  nerve  was 
taken  from  the  same  animal  (autotransplantation)  or  one  of  the 
same  species  (homotransplantation)  degeneration  occurred,  but  when 
from  an  animal  of  another  species  (heterotransplantation)  necro- 
biosis and  death.  Forssmann  found  in  rabbits  that  when  the  por- 
tion of  nerve  was  taken  from  another  rabbit,  regeneration  took 
place  as  rapidly  as  after  suture,  but  when,  from  another  animal,  delay 
occurred  and  in  many  cases  no  regeneration.  This  is  in  accordance 
with  clinical  experience.  In  1906  I  investigated  the  recorded  cases 
of  nerve  transplantation,  added  fresh  cases,  and  brought  others  up 
to  date.  Among  the  30  cases,  8  were  examples  of  transplantation  of 
human  nerve;  of  these  only  three  were  reported  at  a  sufficient  interval 
after  operation  to  admit  of  recovery.  This  was  complete  in  2.  Out  of 
22  instances  of  heterotransplantation,  16  were  reported  at  a  period 
after  operation  that  would  have  admitted  of  some  recovery;  of  these 
only  one  or  at  most  two  recovered  completely. 

It  is  evident  that  the  nerve  must  be  obtained  from  the  patient  or 
from  a  recently  amputated  limb.  The  former  is  preferable  and  is  the 
one  that  is  most  often  employed.  The  upper  two-thirds  of  the  radial 
nerve  or  the  internal  saphenous  may  be  used.    The  portion  of  nerve 
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must  be  removed  and  handled  with  the  utmost  gentleness  as  we  wish 
it  to  play  an  active  part.  It  should  be  of  sufficient  length  to  lie  between 
the  two  ends  without  tension  and  the  whole  should  be  surrounded  hy 
cargile  membrane.  When  it  is  necessary  to  bridge  a  defect  in  the  great 
sciatic,  a  portion  of  nerve  from  an  amputated  limb  should  be  used. 

This  method  may  be  impossible  for  anatomical  reasons,  for  example, 
in  certain  cases  of  division  of  the  facial  nerve  in  the  middle  ear;  if  the 
distance  to  be  bridged  exceeds  four  inches  it  is  unlikely  that  trans- 
plantation will  succeed,  nerve  anastomosis  offers  the  best  hope  of  success. 
In  cases  in  which  neither  nerve  transplantation  nor  anastomosis  is 
feasible  tubular  suture  should  be  performed. 

Flap  operations  have  been  recommended  since  the  days  of  Letievant 
and  successful  cases  have  been  recorded,  but  this  method  leaves  a 
complicated  wound  and  should  rarely  be  employed.  Kenneth  A.  J. 
Mackenzie  has  recorded  a  case  of  resection  of  ten  and  three-quarter 
inches  of  the  great  sciatic  nerve,  in  which  the  gap  was  bridged  over  by 
turning  up  flaps  from  the  internal  and  external  popliteal  nerve.  If 
methods  of  this  kind  are  employed,  it  would  be  better  in  my  opinion 
to  entirely  remove  the  "flap"  and  suture  it  into  the  gap. 

Tubular  suture  aims  at  providing  a  path  for  the  new  axis-c^'linders, 
free  from  fibrous  tissue.  Many  substances  have  been  used  for  this 
purpose,  among  them  decalcified  bone,  collodion,  preserved  animals' 
artery.  I  prefer  a  tube  composed  of  a  portion  of  one  of  the  patient's 
superficial  veins.  In  performing  this  operation  the  nerve  is  prepared 
and  both  ends  freshened,  a  portion  of  superficial  vein  of  appropriate 
size  is  then  excised  and  slipped  over  one  end  of  the  nerve.  The  ends  are 
loosely  united  with  catgut,  the  vein  drawn  over  the  junction,  and  the 
whole  surrounded  with  cargile  membrane.  The  results  given  by  this 
operation  are  superior  to  those  obtained  from  heterotransplantation. 

The  method  of  shortening  the  limb  by  removal  of  bone  originally 
recommended  by  Lobker  in  1884,  and  independently  by  Allis  seven 
years  later,  has  been  successfully  carried  out  by  Keen  and  others  in 
cases  of  division  of  the  musculospiral  nerve  complicating  fractures 
of  the  humerus.  I  consider  it  is  justifiable  only  when,  in  addition  to 
the  nerve  injury,  there  is  non-union  of  the  fracture. 

The  possibility  of  utilizing  neighboring  nerves  attracted  the  atten- 
tion of  investigators  at  an  early  date.  Two  distinct  operations  are 
included — nerve  crossing  and  nerre  anastomosis. 

In  nerve  anastomosis  an  attempt  is  made  to  bring  the  axis-cylinders 
of  the  affected  nerve  into  end-to-end  contact  with  some  of  those  of 
the  sound  nerve;  in  nerve  crossing  the  peripheral  end  of  the  afi'ected 
nerve  is  united  end-to-end  with  the  central  portion  of  a  divided  sound 
nerve.  This  latter  operation  was  first  carried  out  on  animals,  but 
surgery  led  the  way  for  experimental  research  into  the  question  of 
nerve  anastomosis. 

Flourens  and  Rawa  were  pioneer  workers.  It  is,  however,  by  the 
well-known  work  of  Kennedy  that  its  surgical  potentialities  were 
demonstrated.    More  recently  Langley  and  Anderson  have  shown  its 
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possibilities  and  limitations.  Letievant  appears  to  have  been  the 
first  to  recommend  this  method  under  the  name  of  "grefl'e  nerveuse." 
To  Despres  is  due  the  credit  of  first  performing  the  operation;  he 
inserted  the  peripheral  end  of  the  median  nerve  between  the  separated 
fibers  of  the  ulnar.  The  case  was  reported  two  months  after  the  opera- 
tion, and  has  been  considered  on  insufficient  evidence  to  be  a  success. 
It  was  not  until  1897  that  a  recovery  by  this  method  was  recorded.  Two 
months  after  rupture  of  the  musculospiral  nerve  in  a  compound  frac- 
ture of  tlie  humerus,  a  flap  of  the  median  nerve  was  raised,  and  the 
musculospiral  united  end  to  end  with  it.  Two  years  and  three  months 
later  all  the  muscles  of  the  forearm,  except  the  extensor  longus  pollicis, 
acted  normally  and  reacted  to  stimulation  with  the  interrupted  current 
(Sick  and  Sanger). 

Excluding  the  cases  in  which  the  operation  was  performed  on  the 
facial  nerve  I  collected  25  examples,  of  these  12  were  reported  at  a 
sufficient  time  after  operation  to  enable  an  opinion  to  be  given  as  to 
the  result.  Two  were  undoubtedly  perfectly  successful.  Four  were 
certainly  improved  by  the  operation,  and  were  probably  successes,  but 
the  records  are  too  scanty  to  enable  a  definite  opinion  to  be  given. 
Thus  out  of  the  12  cases  reported  sufficiently  long  after  the  operation, 
only  2  were  failures;  some  improvement  took  place  in  all  the  others. 
This  is  a  better  result  than  that  given  by  Powers,  who  considered  that 
50  per  cent,  were  successful. 

The  work  recently  done  by  Kilvington  is  a  valuable  contribution 
to  our  knowledge  of  this  subject.  In  his  researches  on  dogs  he  found 
that  when  the  central  end  of  the  divided  sciatic  was  sutured  to  the  per- 
ipheral ends  of  the  external  and  internal  popliteal  nerves,  recovery 
ensued  and  coordinated  movements  were  reestablished.  On  counting 
the  axis-cylinders,  it  was  evident  that  a  single  axis-cylinder  in  the 
central  end  had  established  communication  with  an  axis-cylinder  in 
each  peripheral  end;  this  is  important  in  considering  what  is  the  best 
operation  to  adopt.  In  his  most  successful  case  he  divided  the  internal 
popliteal  nerve  into  two  portions,  the  smaller  of  which  he  united  end- 
to-end  with  the  divided  external  popliteal,  the  larger  to  the  peripheral 
end  of  the  internal,  and  obtained  a  perfect  recovery  in  one  hundred 
and  forty-one  days. 

Many  methods  of  nerve  anastomosis  are  possible;  they  may  be 
divided  into  the  peripheral  and  central.  In  peripheral  anastomosis 
the  peripheral  end  of  the  affected  nerve  is  brought  to  the  unaffected 
nerve  (see  Figs.  7,  8,  and  9).  In  central  anastomosis  the  unaffected 
nerve  is  divided  partially  or  completely,  and  its  central  end  united  to 
the  affected  nerve  (see  Fig.  10). 

In  all  cases  it  should  be  the  aim  of  the  surgeon  to  bring  the  cut  end 
of  the  axis-cylinders  in  contact,  for  without  this,  union  with  the  central 
nervous  system  is  impossible.  This  contact  may  be  brought  about  in 
three  ways  (see  Figs.  7,  8,  and  9).  In  tlie  case  of  small  nerves,  by 
making  a  vertical  slit  in  the  nerve  a  sufficient  number  of  axis-cylinders 
are  divided  to  insure  a  good  result;  l)ut  in  larger  nerves,  a  transverse 
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or  oblique  cut  should  be  made  and  the  affected  nerve  sutured  in  or  a 
flap  raised  and  end-to-end  suture  performed.  This  last  method  is  theo- 
retically the  best,  as  it  avoids  the  possibility  of  the  union  of  single  axis- 
cylinders  in  the  central  end,  with  one  in  each  peripheral  end. 

When  employed  in  cases  of  nerve  injury  in  the  limbs,  peripheral 
anastomosis  will  be  the  operation  of  necessity. 


Fia.  7  Fig.  8  Fia.  9  Fig.  10 


Complete  peripheral  anastomoses.    Unshaded  nerve  is  the  Complete  central  anas- 

sound  one.  tomosis.  Unshaded  nerve 

is  the  sound  nerve. 


Complications  Arising  during  Recovery  after  Complete  Division  and 
Suture. — Pain  is,  as  a  rule,  negligible;  it  may  be  present  during  the 
first  few  days  as  the  result  of  irritation  of  the  central  end,  but  is  rarely 
severe  enough  to  need  treatment. 

If  pain  is  marked  it  usually  indicates  an  infective  neuritis;  the  wound 
should  be  opened  up,  the  junction  inspected  and,  if  necessary,  sutures 
removed  and  the  wound  drained.  In  cases  of  this  nature  the  wound 
must  be  again  explored  at  a  later  date. 

When  suppuration  has  occurred  deterioration  in  function  may  take 
place  after  a  period  of  improvement  due  to  involvement  of  the  junction 
in  fibrous  tissue.  This  is  especiall.y  liable  to  arise  if  non-absorbable 
material  has  been  used  for  suture  or  the  junction  has  not  been  wrapped. 

Trophic  ulcers  may  occur  from  the  breaking  down  of  blisters.  These 
are  due  to  slight  injuries  which  pass  unnoticed  and  do  not  aftect  sound 
parts.    The  ulcers  readily  heal  with  rest  and  appropriate  treatment. 

At  the  commencement  of  the  first  stage  of  recovery,  complaint  is 
sometimes  made  of  pain  shooting  into  the  affected  part,  and  at  this 
time  spontaneous  blisters  may  originate.  All  tendency,  however,  to 
this  ceases  with  the  termination  of  this  stage  of  recovery. 

Complications  Arising  during  Recovery  after  Incomplete  Division. — 
As  a  rule  recovery  steadily  advances  and  becomes  perfect.  Occasionally 
as  the  result  of  involvement  in  scar  tissue  the  condition  remains 
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stationary  or  may  even  get  worse.   Under  these  circumstances  explora- 
tion should  be  undertaken. 

Pain  is  a  much  more  frequent  comphcation  than  after  complete 
di\  ision  and  is  seen  more  often  in  its  most  severe  form  complicating 
an  incomplete  anatomical  division  when  it  may  be  associated  with 
"glossy  skin." 

Occurring  as  the  result  of  subcutaneous  injuries,  it  usually  arises 
from  a  direct  blow.  I  have  described  several  cases  occurring  after  blows 
o\  er  the  external  condyle  of  the  humerus,  the  posterior  division  of  the 
external  cutaneous  nerve  being  affected.  Whether  the  result  of  open 
wounds  or  subcutaneous  injuries  the  symptoms  resemble  one  another. 
T^-pical  of  these  cases  is  the  well-marked  latent  period,  varying  from 
one  to  three  weeks  between  the  injury  and  the  onset  of  pain.  The  pain 
is  usually  described  as  burning  or  bursting  in  character,  and  is  felt  over 
the  "full"  protopathic  distribution  of  the  nerve,  a  larger  area  than 
becomes  insensitive  to  prick  on  section. 

It  is  accompanied  by  tenderness  (hyperalgesia)  easily  demonstrated 
by  lightly  dragging  a  pin  from  sound  to  affected  portions  of  the  part. 
In  the  most  severe  cases,  particularly  those  following  gunshot  wounds, 
glossy  skin  may  arise,  the  typical  causalgia.  In  these  cases  the  pain  is 
extremely  severe  and  is  aggravated  by  all  external  stimuli. 

The  degree  of  interference  with  the  functions  of  the  nerve  varies, 
but  is  always  incomplete. 

The  part  should  be  kept  at  rest  on  a  splint;  this  may  suffice  for  the 
mild  cases.  This  may  be  combined  with  gentle  massage,  electrical 
baths,  and  ionic  medication.  Even  in  the  least  severe  cases  recovery 
is  extremely  slow.  If  the  condition  is  well  marked,  treatment  of  this 
sort  is  futile.  The  nerve  must  be  exposed,  the  damaged  portion  removed, 
and  anatomical  continuity  restored,  attention  being  paid  to  the  various 
points  in  operation  already  mentioned. 

INVOLVEMENT  OF  TERMINAL  BRANCHES 

Symptoms. — Complete  division  of  a  peripheral  nerve  with  irritation 
of  its  central  end  will  cause  pain  referred  to  its  distribution.  In  a  similar 
way,  irritation  of  a  terminal  branch  will  cause  pain  which  may  be 
referred  to  the  distribution  of  the  nerve  roots  from  which  it  obtains 
fibers. 

As  the  result  of  disease  it  is  a  familiar  occurrence  in  the  territory  of 
the  fifth  cranial  nerve,  and  the  subject  has  become  well  known  as  the 
result  of  the  work  of  Henry  Head.  It  is  not  so  well  recognized,  however, 
that  irritation  of  one  of  the  terminal  branches  of  a  nerve,  the  result 
of  an  injury,  may  give  rise  to  widespread  pain  and  tenderness.  These 
symptoms  following  the  wounds  of  small  nerves  were  known  to  the 
older  surgeons  as  a  consequence  of  venesection.  Abernethy,  in  a 
paper  in  1793,  entitled  "An  Essay  on  the  111  Consequences  of  Wounding 
a  Nerve,"  referred  to  two  cases.   Wardrop,  in  1823,  recorded  a  case  . 
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following  a  wound  of  the  thumb,  and  Swan,  eleven  years  later 
recorded  several,  Hamilton,  in  1838,  wrote  a  paper  on  the  subject, 
and  the  late  Sir  William  Mitchell  Banks  in  1869. 

As  occurs  when  the  trunk  of  a  nerve  is  involved  an  interval  always 
elapses  between  the  injury  and  the  first  symptom.  The  pain  is  usually 
widespread,  extending  over  the  full  protopathic  distribution  of  the  root 
or  roots  afi'ected,  and  is  often  accompanied  by  hyperalgesia.  There 
may  be,  in  addition,  particularly  in  the  lower  limb,  paresis  or  paralysis 
of  the  muscles  supplied  by  the  corresponding  nerve  or  root. 

Cases  such  as  these  are  seen  at  the  present  time  most  often  after 
amputation  of  the  fingers.  It  rarely  happens  now  that  symptoms  due 
to  nerve  involvement  follow  a  major  amputation,  for  it  has  become 
one  of  the  recognized  steps  of  the  operation  to  pull  down  and  cut 
short  the  nerve  trunks,  but  this  is  often  neglected  in  amputation  of  the 
fingers. 

Pain  is  usually  noticed  a  week  or  ten  days  later.  It  involves  first 
the  stump  which  becomes  reddish-blue,  shiny,  and  tender;  the  pain 
then  spreads  to  the  distribution  of  the  roots  irritated,  and  is  usually 
accompanied  by  hyperalgesia  and  often  by  redness.  If  neglected,  the 
pain  may  spread  to  other  nerves  and  later  traumatic  neurasthenia 
may  develop. 

Treatment.— This  should  be  preventive.  I  have  been  struck  with 
the  number  of  cases  in  which  suppuration  took  place.  The  first-aid 
treatment  should  be  to  surround  the  part  with  a  compress  wet  with 
1  in  20  carbolic  while  preparations  are  being  made  to  thoroughly  clean 
up  the  surrounding  skin  or  paint  it  with  a  2  per  cent,  solution  of  iodine 
in  rectified  spirit.  While  nerve  involvement  may  take  place  in  wounds 
that  heal  by  first  intention,  the  most  severe  cases  are  those  in  which 
prolonged  suppuration  occurred. 

In  several  cases  upon  which  I  have  operated,  the  digital  nerves  have 
been  spread  out  in  a  fan-shaped  manner  over  the  end  of  the  bone;  this 
with  the  appearance  of  the  bone  led  me  to  think  that  it  had  been 
divided  with  bone  forceps  before  the  soft  parts  had  been  sufficiently 
freed.  If  bone  forceps  are  used,  it  must  not  be  until  the  bone  is  bare. 
In  every  amputation  the  nerves  should  be  seen  and  cut  short. 

When  pain  and  tenderness  develop,  treatment  should  not  be  delayed. 
The  prognosis  is  good  if  operation  is  performed  when  the  pain  and 
tenderness  are  still  confined  to  the  scar  or  stump ;  when  they  have  spread 
to  other  nerves,  or  associated  with  hysteria  or  muscular  affections, 
it  is  by  no  means  favorable,  and  may,  when  spread  has  taken  place, 
necessitate  a  serious  operation— division  of  posterior  roots — before 
relief  can  be  obtained.  Operation  should  be  carried  out  with  a  definite 
object  in  view,  to  find  and  cut  short  the  involved  nerves.  Reampu- 
tation  should  not  be  done  in  a  ha])hazard  way.  I  have  notes  of  one 
patient  who  had  had  four  reamputations  performed  without  success, 
and  now  has  all  the  complications  that  can  result  in  this  condition. 

Sometimes  it  is  possible  to  feel  sAvellings  on  the  ends  of  the  involved 
nerves;  this  may  be  a  help  in  finding  them.   In  most  cases  it  is  best 
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to  turn  back  the  old  flaps  and  search  for  the  nerves  at  the  end  of  the 
bone.  If  they  cannot  be  found  here,  they  should  be  sought  at  the  sides 
of  the  finger,  traced  to  their  involvement,  and  cut  short.  It  is  only 
necessary  to  remove  bone  when  the  flaps  will  not  come  together  again 
without  tension.  After  closure  of  the  wound  the  part  should  be  kept 
at  rest  until  healing  has  taken  place.  In  few  cases  will  this  fail  to 
relieve  the  pain.  If  the  pain  is  not  relieved  or  recurs,  no  further  local 
operation  should  be  done  if  the  first  was  thorough.  Before  proceeding 
to  the  only  certain  treatment  in  these  cases — division  of  posterior 
roots — Weir  Mitchell  treatment  must  be  tried  after  removal  of  all 
cause  for  worry.  It  is  useless  treating  advanced  cases  while  compensa- 
tion proceedings  are  pending.  Weir  Mitchell  treatment  must  also  be 
adopted  after  operation  in  the  cases  complicated  by  hysteria.  When 
muscular  symptoms  are  present,  the  afl^ected  muscles  must  be  kept 
relaxed  by  suitable  apparatus,  and  daily  massage  given  until  voluntary 
power  returns.  It  is  often  twelve  months  before  muscular  recovery 
is  complete. 

Where  no  amputation  has  been  performed  but  the  symptoms  result 
from  involvement  in  a  scar,  this  must  be  excised,  the  afi'ected  branch 
being  dissected  out.    In  a  few  cases  amputation  may  be  necessary. 

Traumatic  or  "Stump"  Neuromas. — When  a  nerve  is  completely 
divided  the  fibers  of  the  upper  end  spread  out  in  a  brush-like  manner. 
This  "mop-like  protuberance  formed  immediately  a  nerve  trunk  is 
divided,"  was  described  by  Ballance  and  Purves  Stewart  as  "the 
primitive  end  bulb."  New  axis-cylinders  are  developed  in  this,  and  the 
bulb  eventually  becomes  a  mass  of  fibrous  tissue  with  small  nerve 
fibers  interlacing  in  all  directions. 

After  all  amputations  such  bulbs  must  be  formed  on  the  central 
ends  of  the  severed  nerves,  but  only  in  a  few  instances  does  their  pres- 
ence give  rise  to  symptoms. 

When  the  ends  of  the  nerve  are  pulled  down,  cut  short,  and  crushed 
with  a  pair  of  Spencer  Wells'  forceps  at  the  time  of  the  operation, 
symptoms  rarely  ensue.  They  arise  from  irritation  of  the  bulb  by 
direct  pressure  or  by  the  traction  of  muscles  or  adhesions.  The  size  of 
the  bulb  varies  widely,  and  it  is  possible  as  suggested  by  Alexis  Thomson 
that  the  increased  size  in  some  cases  is  due  to  inflammation,  and  that 
the  condition  has  become  less  frequent  now  that  the  principles  of 
Listerian  surgery  are  carried  out. 

The  symptoms  resemble  those  described  as  due  to  irritation  of  the 
terminal  branch  of  a  nerve,  modified  by  the  absence  of  a  part  of  the 
limb.  There  may  be  pain  widespread  in  the  distribution  of  the  nerve 
involved,  accompanied  by  tenderness  of  that  portion  of  the  stump  sup- 
plied by  branches  from  the  roots  involved,  and  in  some  cases  by 
changes  in  the  skin.  The  pain  may  be  produced  by  direct  pressure 
on  the  bulb,  and  is  often  felt  with  changes  of  the  weather.  Muscular 
twitchings  often  occur  in  association  with  the  pain,  and  hysterical 
symptoms  may  be  present. 

The  time  after  the  amputation  at  which  the  symptoms  first  appear  is 
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variable,  but  the  longest  interval  that  has  come  under  my  notice  was 
twenty-three  years. 

The  treatment  should  be  preventive — in  every  amputation  the  nerves 
should  be  pulled  down  and  cut  short  with  scissors  or,  as  suggested 
by  Gushing,  their  ends  anastomosed.  It  has  been  proved  experimen- 
tally that  crushing  the  end  of  a  nerve  prevents  the  formation  of  a  large 
end  bulb. 

When  symptoms  are  present  the  bulb  and  three  or  four  inches  of 
the  affected  nerve  must  be  removed.  This  has  sometimes  failed  to 
relieve  the  pain;  in  these  cases  intradural  division  of  the  posterior 
roots  affected  should  be  performed  if  the  s^^mptoms  are  severe. 

Division  of  Posterior  Roots. — Division  of  posterior  roots  for  the 
relief  of  pain  was  first  carried  out  by  Sir  William  Bennett  in  December, 
1888,  one  week  before  its  performance  by  Abbe,  to  whom  it  was  sug- 
gested by  Dana  four  months  previously. 

The  operation  has  recently  come  into  prominence  on  account  of 
its  application  to  the  treatment  of  the  gastric  crises  of  tabes  and  spas- 
modic affections  (Forster). 

This  operation  will  only  be  called  for  when  peripheral  operations 
have  failed.  The  case  must  be  carefully  studied  and  care  taken  to 
divide  one  root  above  and  below  those  supplying  the  painful  area. 

The  laminae  over  the  region  to  be  operated  on  are  removed,  the  dura 
is  opened,  and  the  roots  divided  with  sharp  scissors  close  to  the  cord 
and  at  their  exit  from  the  dura.  In  many  cases  it  can  be  carried  out 
by  removing  the  halves  of  the  laminae  on  the  affected  side  (unilateral 
laminectomy,  Taylor) . 

Cases  have  been  recorded  by  Hey  Groves  in  which  this  failed  to 
relieve  the  pain. 

Facial  Nerve. — Facial  paralysis  may  result  from  injury  to  the  nerve 
(a)  above  the  geniculate  ganglion,  (6)  between  the  ganglion  and  the 
point  at  which  the  chorda  tympani  is  given  off  and  (c)  below  this  point. 
When  injured  at  (6)  taste  is  affected  over  the  anterior  two-thirds  of 
the  corresponding  side  of  the  tongue. 

Apart  from  the  so-called  "rheumatic"  affections  of  the  nerve  (Bell's 
palsy),  interference  with  the  function  of  the  nerve  in  the  middle  ear 
as  the  result  of  disease,  or  operation,  is  the  usual  cause.  The  nerve 
may  suffer  in  fractures  of  the  base  of  the  skull  primarily,  or  more  often 
from  involvement  in  callus.  Outside  the  skull  it  may  be  injured  dur- 
ing operations  in  the  parotid  region  or  in  the  removal  of  tuberculous 
glands,  or  from  forceps  pressure  during  childbirth;  in  most  of  these 
cases  the  "division"  is  incomplete  and  spontaneous  recovery  ensues. 

In  cases  of  incomplete  division  the  usual  treatment  directed  toward 
maintaining  the  nutrition  of  the  paralyzed  muscles  must  be  adopted. 
When  due  to  middle-ear  disease  it  is  an  indication  for  the  complete 
mastoid  operation. 

When  the  reaction  of  degeneration  is  present,  showing  that  complete 
division,  either  anatomical  or  physiological,  has  occurred,  the  treat- 
ment to  be  adopted  depends  on  the  cause.    If  it  follows  a  radical 
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mastoid  operation,  the  sooner  operation  is  carried  out  after  the 
wound  has  healed  the  better;  in  cases  of  Bell's  palsy  it  is  justifiable 
to  wait  for  six  months.  If  the  nerve  is  divided  during  the  course 
of  mastoid  operation,  the  ends  should  be  adjusted  in  the  aqueduct, 
when  restoration  of  function  may  be  expected  unless  neuritis  is  set  up 
as  the  result  of  sepsis.  If  discovered  after  the  operation  the  electrical 
reactions  should  be  tested  at  the  end  of  a  fortnight;  if  the  reaction  of 
degeneration  is  present,  the  wound  should  be  opened  up  and  an  attempt 
made  to  adjust  the  ends.  If  this  fails,  nerve  anastomosis  must  be 
undertaken.  It  must  be  remembered  that  the  injury  during  mastoid 
operation  is  in  most  cases  incomplete,  and  that  spontaneous  recovery 
follows  the  usual  non-operative  treatment. 

In  many  cases  of  facial  paralysis  submitted  to  operation  end-to-end 
union  is  out  of  the  question,  and  a  neighboring  nerve  must  be  utilized. 
This  was  first  carried  out  by  Drobnik  in  1879,  who  performed  nerve 
crossing  between  the  peripheral  end  of  the  facial  and  the  central  end 
of  the  spinal  accessory.  The  modern  operation  is,  however,  due  to 
the  w^ork  of  the  Ballances  and  Purves  Stewart.  The  nerves  that  have 
been  used  are  the  spinal  accessory  or  one  of  its  branches,  and  the  hypo- 
glossal; they  have  been  completely  divided,  and  end-to-end  union 
performed  with  the  peripheral  end  of  the  facial  (nerve  crossing),  or 
united  to  the  side  of  the  nerve  (anastomosis).  In  1895  C.  A.  Ballance 
anastomosed  the  facial  to  the  spinal  accessory.  Korte  first  suggested 
the  use  of  the  hypoglossal,  and  this  nerve  has  been  used  with  success 
by  Ballance,  Taylor,  and  Clark  among  others.  The  hypoglossal  is  the 
nerve  of  choice;  dissociated  voluntary  movement  is  restored  more 
quickly  after  anastomosis  to  this  nerve  than  when  the  spinal  acces- 
sory is  used.  Nerve  anastomosis,  and  not  nerve  crossing,  should  be 
performed;  there  is  no  necessity  to  sacrifice  the  hypoglossal  nerve: 
emotional  dissociated  movement  will  return  without. 

In  order  to  carry  out  the  operation,  a  long  incision  should  be  made 
extending  from  the  mastoid  at  the  level  of  the  external  auditory  meatus 
down  to  the  great  cornu  of  the  hyoid.  The  anterior  border  of  the 
sternomastoid  is  pulled  back,  and  the  posterior  belly  of  the  digastric 
identified  after  separation  of  the  parotid.  The  digastric  is  then  pulled 
backward,  and  if  large  it  may  be  necessary  to  divide  its  upper  border. 
The  facial  nerve  is  identified,  this  being  most  easily  done  by  feeling 
for  the  styloid  process  of  the  mastoid;  the  nerve  passes  out  imme- 
diately in  front  of  this  and  enters  the  parotid  gland.  The  nerve  is 
freed,  and  an  attempt  is  made  to  pull  the  stump  out  of  the  foramen 
in  cases  in  which  there  is  reason  to  believe  that  the  nerve  was  divided 
in  the  course  of  an  operation  on  the  middle  ear.  If  this  cannot  be  done 
the  nerve  is  divided  in  the  foramen  as  high  as  possible  with  a  tenotomy 
knife.  The  hypoglossal  must  next  be  sought;  the  transverse  process 
of  the  axis  and  the  occipital  artery  are  useful  guides.  The  internal 
jugular  vein  is  next  found  and  retracted  inward;  this  exposes  the 
hypoglossal  nerve.  With  it  is  running  the  vagus,  but  the  hypoglossal 
is  easily  identified  from  the  course  it  is  taking.   It  is  freed  and  brought 
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toward  the  facial;  a  flap  consistiiifj;  of  about  one-third  of  its  fibers 
should  be  carefully  raised  and  the  peripheral  end  of  the  facial  united 
end-to-end  with  it  by  fine  catf^ut.  The  raw  surface  and  the  junction 
should  be  surrounded  with  cargile  menbrane. 

The  after-treatment  must  be  patiently  carried  out.  The  nutrition 
of  the  muscles  must  be  kept  up  by  massage  and  the  application  of  a 
constant  current  until  such  time  as  voluntary  power  begins  to  be 
restored.  As  soon  as  voluntary  movement  returns  to  each  group  of 
muscles  they  must  be  exercised  systematically  until  the  patient  regains 
complete  control. 

The  prognosis  varies  with  the  cause  of  the  paralysis,  being  better 
when  the  division  results  from  injury  than  when  it  is  the  result  of 
neuritis.  Suppuration  of  the  operation  wound  renders  success  doubt- 
ful. The  first  sign  of  recovery  usually  appears  about  the  third  or 
fourth  month,  the  face  while  at  rest  becoming  more  symmetrical, 
although  there  is  no  return  of  voluntary  power.  A  few  weeks  later  it 
is  noticed  that  the  angle  of  the  mouth  can  be  moved,  at  first  only  with 
movements  of  the  tongue;  then  the  muscles  of  the  upper  lip,  and  finally 
those  of  the  forehead.  With  exercise,  the  movements  become  dis- 
sociated, and  finally  emotional  movement  may  return. 

For  a  few  weeks  after  operation  the  side  of  the  tongue  is  paralyzed, 
causing  difficulty  in  speech  and  deglutition;  this  passes  off  but  the 
affected  side  of  the  tongue  may  remain  smaller  for  a  considerable  time. 

In  40  cases  collected  by  the  writer,  improvement  occurred  in  all 
reported  at  a  sufficiently  late  date;  but  in  comparatively  few  did  emo- 
tional movement  return,  the  face  on  the  side  of  the  injury  remaining 
immobile  in  smiling.  It  is  safe  to  say  that  in  the  majority  of  cases 
the  appearance  of  the  face  at  rest  will  become  normal. 

Vagus  Nerve. — The  trunk  of  this  nerve,  although  exposed  to  many 
forms  of  injury,  rarely  suffers.  Its  recurrent  laryngeal  branch  suffers 
most  often  in  operations  upon  the  thyroid,  but  is  rarely  completely 
divided.  Schloffer  reported  that  he  had  seen  an  affection  of  the 
recurrent  laryngeal  nerve  thirteen  times  in  505  operations,  but  that  it 
was  usually  of  a  transitory  nature.  Leischner  confirmed  this.  Occa- 
sionally, however,  the  nerve  is  completely  divided  and  spontaneous 
recovery  does  not  ensue. 

The  nerve  appears  to  have  been  first  sutured  by  Foderl  in  a  case 
in  which  the  trachea  was  divided,  but  the  first  deliberate  operation 
on  the  nerve  was  undertaken  by  Shelton  Horsley  two  months  after 
division  in  a  bullet  wound;  fifteen  months  later  recovery  was  almost 
perfect. 

When  laryngeal  paralysis  results  from  operation,  at  least  three 
months  should  be  allowed  to  elapse  before  exploration  is  undertaken. 
If  no  recovery  has  taken  place,  operation  should  be  undertaken  on  the 
usual  lines. 

Spinal  Accessory  Nerve.— The  external  or  spinal  portion  of  this 
nerve  is  not  iiifreciuently  divided  during  the  course  of  operation  upon 
the  neck,  particularl\-  (luring  the  n'movnl  of  tuberculous  glands.  In 
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many  of  these  cases  the  branches  of  the  cervical  nerves  to  the  trapezius 
are  affected  at  the  same  time  producing  its  complete  paralysis.  The 
extent  of  supply  of  the  spinal  accessory  and  the  cervical  nerves  to  the 
trapezius  varies;  as  a  rule  the  upper  trapezius  is  paralyzed  by  division 
of  the  spinal  accessory  alone. 

If  the  nerve  be  divided  during  the  course  of  a  surgical  operation  it 
should  be  immediately  sutured.  The  deformity  resulting  from  paralysis 
of  the  trapezius  is  marked,  and  an  attempt  should  be  made  in  every 
case  to  deal  with  it  by  operation.  It  should  be  exposed  through  an 
incision  along  the  anterior  border  of  the  sternomastoid,  and  an  attempt 
made  to  perform  secondary  suture.  If  it  be  impossible  to  bring  the 
ends  into  contact  or  to  find  the  upper  end,  the  peripheral  end  should 
be  anastomosed  to  the  anterior  primary  division  of  the  third  and 
fourth  cervical  nerves.  When  the  cervical  branches  are  divided  in 
addition,  an  attempt  must  be  made  to  obtain  the  nerve  supply  again 
from  the  third  and  fourth  cervical  by  suture  or  anastomosis. 

If  it  is  found  impossible  to  unite  the  severed  nerves,  muscle  trans- 
plantation should  be  carried  out.  A  portion  of  the  latissimus  dorsi 
detached  from  its  insertion  into  the  humerus  may  be  fixed  to  the  dorsum 
of  the  scapula  to  take  the  place  of  the  lower  trapezius.  Flaps  from  the 
middle  and  upper  part  of  the  sound  trapezius  may  be  turned  over  to 
take  the  place  of  the  paralyzed  upper  part.  This  was  carried  out  in 
a  case  recorded  by  Katzenstein. 

The  Brachial  Plexus. — The  plexus  may  suffer  injury  (1)  above  or 
(2)  below  the  clavicle;  in  the  former  case  it  is  usually  the  anterior 
primary  divisions  of  the  cervical  nerves  entering  the  plexus  that  suffer; 
in  the  latter,  its  cords.  Most  of  the  injuries  are  subcutaneous;  above 
the  clavicle,  the  result  of  traction;  below,  the  result  of  pressure.  Pene- 
trating wounds  are  rare  in  civil  practice. 

Supraclavicular  injuries  are  usually  the  result  of  indirect  violence, 
the  force  being  applied  to  the  head  or  shoulder,  but  they  occasionally 
arise  from  the  presence  of  a  cervical  rib,  or  the  result  of  a  penetrating 
wound.  As  the  actual  lesion  produced  and  the  prognosis  differ  each 
must  be  discussed  separately. 

The  lesion  in  these  cases  is  the  result  of  overstretching.  This  was 
first  demonstrated  by  Sir  Victor  Horsley  as  the  result  of  experiments 
made  in  1884.  Clark,  Taylor,  and  Prout  have  shown  that  brachial 
birth  paralysis  owns  the  same  cause.  The  immediate  lesion  consists 
in  a  tearing  of  the  perineural  sheath  with  complete  or  partial  severance 
of  nerve  fibers  at  different  levels. 

When  the  violence  is  applied  to  the  head  or  shoulder  the  traction 
falls  first  upon  the  upper  part  of  the  fifth  anterior  primary  division, 
then  upon  its  junction  with  six,  following  this  upon  the  remaining 
divisions  in  order  from  above  downward. 

But  if  the  traction  fall  upon  the  plexus  from  below — for  example, 
a  man  in  falling  from  a  height  endeavors  to  save  himself  by  clutching 
at  some  projection — the  injury  affects  the  first  dorsal,  then  the  others 
in  order  from  below  upward.   The  same  may  result  in  infants  in 
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breech  presentations,  with  the  arms  extended,  or  in  certain  face  pre- 
sentations. 

In  both  cases  recovery  takes  place  from  the  root  last  affected,  and 
may  leave  Erb-Duchenne  or  Klumpke  paralysis  as  a  terminal  lesion 
when  the  original  affection  was  more  widespread. 

Infraclavicular  Injuries. — In  the  ifiajority  of  cases  these  are  the  result 
of  pressure,  most  often  from  the  head  of  a  dislocated  humerus,  occa- 
sionally from  reduction  of  the  dislocation  by  the  "heel  in  axilla"  method. 
In  other  cases  they  may  be  due  to  fracture  of  the  humerus  or  of  the 
neck  of  the  scapula. 

The  whole  plexus  may  be  injured.  The  result  on  sensibility  is  in 
most  cases  the  same  as  that  seen  in  supraclavicular,  but  when  due  to 
direct  violence  applied  from  without,  the  lesser  internal  cutaneous 
nerve  also  is  involved,  and  the  sensitive  area  on  the  inner  side  of  the 
arm  is  not  present.  Pupillary  symptoms  are  absent,  and  the  serratus 
magnus  muscle  often  escapes. 

The  inner  cord  of  the  plexus  is  most  often  affected,  then  the  posterior, 
and  finally  the  outer. 

Diagnosis.- — In  every  case  of  brachial  plexus  lesion,  in  addition  to 
the  fact  of  complete  or  incomplete  division,  the  exact  point  of  injury 
must  be  ascertained. 

There  are  four  important  symptoms:  (1)  The  condition  of  the  scapular 
muscles.  If  the  serratus  magnus  is  unaffected,  the  lesion  is  not  of  the 
anterior  primary  divisions;  it  is  sometimes  possible  to  locate  an  injury 
to  between  the  points  at  which  the  nerves  supplying  the  spinati  muscles 
and  the  serratus  magnus  are  given  off.  (2)  The  grouping  of  the  para- 
lyzed muscles;  for  instance,  it  is  obvious  that  no  injury  below  the 
clavicle  will  paralyze  the  Erb-Duchenne  group.  (3)  The  condition  of 
the  pupil.    (4)  The  presence  or  absence  of  anesthesia. 

After  diagnosis  of  the  exact  spot,  treatment  must  be  carried  out 
along  the  lines  already  laid  down;  complete  injuries  must  be  explored 
and  the  appropriate  treatment  adopted.  When  the  whole  plexus  is 
affected,  as  the  result  of  indirect  violence,  e.  g.,  falls  on  the  shoulder, 
exploration  should  be  undertaken  immediately,  mthout  waiting  to 
ascertain  whether  the  division  is  complete  or  incomplete.  In  no  instance 
in  which  operation  was  undertaken  at  a  late  period  after  the  accident 
has  the  result  been  satisfactory.  Incomplete  division  of  the  fifth 
anterior  primary  division  or  upper  trunk  may  result  in  the  develop- 
ment of  the  reaction  of  degeneration  in  the  deltoid  and  spinati.  This 
should  always  be  treated  by  operation,  and  the  damaged  portion, 
which  will  be  found  on  the  upper  and  outer  aspect  of  the  nerve,  resected 
and  a  portion  of  the  radial  nerve  transplanted;  or  this  damaged  por- 
tion may  be  anastomosed  to  the  anterior  primary  division  of  the  sixth 
cervical  nerve. 

Prognosis. — It  is  well  established  that  injuries  of  the  brachial  plexus 
have  a  worse  prognosis  than  those  of  the  peripheral  nerves. 

V.  Bruns  found  that  while  spontaneous  recovery  ensued  in  66  per 
cent,  of  subcutaneous  injuries  of  peripheral  nerves,  only  26  per  cent. 
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of  similar  plexus  injuries  got  well  spontaneously.  Warrington  and 
Jones  from  the  examination  of  cases  under  their  care  found  spon- 
taneous recovery  in  30  to  40  per  cent.  These  unfavorable  figures 
are  due  in  part  to  the  nature  of  the  injury.  In  a  large  proportion 
of  cases  the  nerves  are  overstretched,  and  this  results  in  hemorrhage 
into  the  sheath  and  consequent  fibrosis;  in  addition,  if  it  leads  to  rup- 
ture, the  fibers  give  way  at  different  levels;  hence  spontaneous  recovery 
is  unusual  when  the  signs  of  complete  division  are  present,  and  is  apt 
to  be  imperfect  in  cases,  of  incomplete  division.  Again,  it  is  possible 
that  the  injury  in  some  cases  tears  the  roots  away  from  the  cord.  Even 
after  operation  the  prognosis  is  not  so  good  as,  for  example,  after 
secondary  suture  of  the  median  at  the  wrist  or  the  musculospiral.  This 
has  to  do  to  a  great  extent  with  the  length  of  time  necessary  to  complete 
recovery;  in  many  cases  the  patient  ceases  to  attend  for  efficient  after- 
treatment,  and  when  recovery  of  the  nerve  has  finally  become  complete, 
the  muscles  are  atrophic,  and  contractures  of  the  opponent  muscle 
render  the  regeneration  of  the  nerve  futile.  Careful  treatment  at  the 
time  of  the  injury,  and  unceasing,  patient  after-treatment,  will  improve 
the  prognosis.  It  cannot  be  too  strongly  impressed  upon  the  patient 
that  the  operation  only  puts  him  in  a  condition  favorable  to  recovery, 
and  that  possibly  years  of  patient  treatment  must  be  carried  out  if 
success  is  to  be  obtained. 

Brachial  Birth  Paralysis. — As  just  mentioned,  these  usually  result 
from  traction,  but  it  is  possible  that  some  of  the  milder  cases  are  the 
direct  result  of  pressure. 

If  seen  early  the  arm  should  be  bandaged  to  the  side  over  cotton-wool 
with  the  paralyzed  muscles  relaxed  and  kept  at  rest  until  tenderness 
has  disappeared  when  massage  and  movements  should  be  employed, 
particular  care  being  taken  in  the  Erb-Duchenne  type  to  prevent  the 
development  of  a  forward  rotation  of  the  shoulder.  The  electrical 
reactions  of  the  affected  muscles  should  be  tested  at  the  end  of  three 
months;  if  the  reaction  of  degeneration  is  present  operation  should 
be  performed  so  soon  as  the  condition  of  the  child  will  permit.  Of  the 
cases  under  my  care  65  per  cent,  have  recovered  completely  without 
operative  interference. 

Operation  appears  to  have  been  first  carried  out  by  Kennedy  in 
1900,  and  it  is  in  great  measure  owing  to  his  work  and  the  exhaustive 
researches  of  Clark,  Taylor,  and  Prout  that  the  treatment  of  this 
condition  has  been  established  on  a  sound  basis. 

The  upper  cords  of  the  plexus  may  be  exposed  through  an  incision  in 
the  posterior  triangle  of  the  neck.  The  anterior  primary  divisions  of 
five  and  six  must  be  freed,  together  with  their  junction  and  division, 
and  the  origin  of  the  suprascapular  nerve.  The  scar  will  usually  be 
found  in  five  just  at  its  junction  with  six;  in  some  cases  the  upper 
trunk  will  be  found  damaged.  In  other  cases  the  fifth  anterior  primary 
division  is  found  torn  through  and  occasionally  the  suprascapular 
nerve  also.  The  damaged  portion  of  the  nerve  must  be  removed  and 
the  ends  united  in  the  usual  way.    No  difficulty  will  be  experienced 


92 


INJURIES  TO  THE  PEHU'UKRAL  NERVES 


in  most  cases  in  bringiiif^  the  ends  together.  If  there  be  tension,  the 
shoulder  should  be  elevated  and  the  head  iuclirxd  to  the  affected  side. 
If  the  ends  cannot  be  brought  into  apposition,  or  the  upper  end  cainiot 
be  found,  nerve  anastomosis  should  be  carried  out.  If  the  lesion  in- 
volves the  lower  divisions,  it  will  be  necessary  in  most  cases  temporarily 
to  divide  the  clavicle. 

Postanesthetic  Paralysis.  —  Under  the  term  postanesthetic  para- 
lysis many  nerve  injuries  of  the  upper  limb  are  included.  Most  are 
of  the  Erb-Duchenne  type  and  so,  obviously,  supraclavicular;  others 
from  their  distribution  are  undoubtedly  infraclavicular,  and  in  a  few 
direct  pressure  has  affected  individual  nerves,  usually  the  musculospiral. 

These  injuries  of  the  plexus  are  by  no  means  uncommon,  although 
published  cases  are  few.  Cotton  and  Allen  in  1903  were  only  able  to 
collect  thirty  from  the  literature.  It  occurs  in  patients  in  whom  dur- 
ing the  course  of  the  operation  the  arms  are  abducted  and  externally 
rotated  or  raised  above  the  head.  The  right  arm  is  usually  affected. 
Stretching  over  the  head  of  the  humerus  with  the  arms  elevated  above 
the  head  is  the  probable  cause  of  the  infraclavicular  injuries.  In  all 
cases  the  lesion  is  incomplete,  corresponding  to  the  slight  violence 
which  produced  it. 

The  prognosis  is  good:  all  the  cases  that  I  have  had  under  obser- 
vation have  recovered  completely  without  surgical  intervention,  and 
all  except  one  of  those  collected  by  Cotton  and  Allen.  The  treatment 
should  be  preventive;  such  cases  occurring  as  the  result  of  a  routine 
abdominal  operation  are  a  reproach  to  all  concerned. 

Injuries  Due  to  the  Presence  of  a  Cervical  Rib. — When  symptoms 
result  from  the  presence  of  cervical  ribs  they  are  in  70  per  cent,  of  the 
cases  nervous  in  nature.  They  occur  more  often  in  women,  and  on 
the  right  side.  Of  10  cases  under  the  care  of  the  writer  all  Avere 
women;  the  symptoms  were  on  the  right  side  in  all  except  2,  and  of  a 
nervous  nature  in  9. 

Our  appreciation  of  this  condition  dates  from  Thorburn's  paper  in 
1905.  Although  a  case  had  been  operated  upon  by  Coote  many  years 
before,  the  condition  appears  to  have  escaped  notice.  Lewis  Jones 
in  1893  drew  attention  to  atrophy  of  the  thenar  muscles  in  young 
people,  and  on  investigating  the  cases  thirteen  years  later  found  that 
10  out  of  14  were  the  possessors  of  cervical  ribs.  Important  papers 
bearing  on  treatment  have  since  been  published  by  Keen  and  by 
Hinds  Howell. 

Symptoms  usually  appear  in  early  adult  life,  and  are  due  in  most 
cases  to  pressure  upon  the  lowest  trunk  or  nerve  entering  into  the 
plexus.  In  many  cases  they  consist  of  wasting  of  the  intrinsic  muscles 
of  the  hand,  most  marked  and  starting  in  those  of  the  thenar  eminence; 
if  of  long  standing  the  reaction  of  degeneration  may  supervene.  In 
other  cases  the  principal  complaint  is  pain  down  the  ulnar  border  of 
the  forearm  and  hand,  or  a  general  weakness  or  heaviness  of  the  whole 
limb  noticed  at  the  end  of  the  day.  Sensory  changes  are  unusual  and 
when  present  rarely  exceed  epicritic  loss. 
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The  condition  should  be  thought  of  in  all  cases  of  "brachial  neu- 
ralgia," or  of  wasting  of  the  thenar  muscles.  The  ribs  can  usually  be 
felt  but  occasionally  can  only  be  demonstrated  by  .r-ray  examination. 

Although  a  cervical  rib  is  present  it  does  not  necessarily  follow  that 
it  is  the  cause  of  the  symptoms.  Several  cases  have  come  under  my 
observation  in  which  a  cervical  rib  was  removed  from  a  patient  suffer- 
ing from  syringomyelia  to  which  the  symptoms  were  due.  Thomas 
Murphy  has  recorded  a  case  in  which  the  symptoms  were  due  to  the 
pressure  of  the  first  rib.  A  similar  case  has  recently  been  under  my 
care. 

Treatment  consists  in  removal  of  the  rib  together  with  the  peri- 
osteum covering  it,  followed  by  careful  after-treatment. 

The  rib  is  most  easily  exposed  through  a  vertical  incision  behind  the 
sternomastoid,  remembering  that  it  arises  just  below  the  level  of  the 
cricoid  cartilage.  After  pulling  forward  this  muscle  it  should  be  reached 
by  blunt  dissection,  its  central  end  disarticulated  if  possible  and  cleanly 
removed.  Care  must  be  taken  to  avoid  injury  to  the  plexus  and  the 
pleura. 

The  Long  Thoracic  Nerve  (Nerve  of  Bell). — This  nerve  is  most 
often  injured  in  males  between  the  ages  of  twenty-five  and  forty, 
usually  on  the  right  side.  Generally  caused  by  prolonged  pressure 
in  the  supraclavicular  region,  it  occasionally  follows  violent  muscular 
efforts  and  direct  violence  applied  to  the  shoulder. 

Paralysis  of  the  serratus  magnus  rarely  occurs  alone,  it  is  usually 
combined  with  paralysis  of  the  lower  trapezius. 

If  seen  early,  avoidance  of  all  injurious  pressure  and  absolute  rest 
to  the  arm  should  be  ordered,  followed  by  massage  and  stimulation 
with  the  interrupted  current  applied  to  the  muscle.  If  the  paralysis 
persists,  and  the  reaction  of  degeneration  develops  nerve  anastomosis 
should  be  performed,  or  the  insertion  of  the  sternocostal  part  of  the 
pectoralis  major  may  be  transplanted  to  the  lower  angle  of  the  scapula. 
It  is  usually  impossible  to  deal  directly  with  the  damaged  portion  of 
the  nerve  or  the  branches  of  which  it  is  composed. 

The  Circumflex  Nerve. — This  nerve  is  liable  to  injury  where  it  turns 
round  the  neck  of  the  humerus  as  the  result  of  subglenoid  dislocations, 
fracture  of  the  surgical  neck  of  the  humerus,  or  neck  of  the  scapula; 
by  direct  violence,  as  in  a  case  recorded  by  Robert  Kennedy,  or  in  sleep, 
crutch,  and  anesthetic  palsies.  It  may  also  suffer  injury  in  miners  who 
lie  for  long  periods  on  their  left  side,  and  be  secondarily  involved  in 
inflammatory  processes  from  the  shoulder-joint  or  the  subdeltoid  bursa. 

Injury  to  the  circumflex  nerve  is  by  no  means  so  common  as  is 
usually  supposed.  It  has  been  said  to  follow  direct  blows  on  the  point 
of  the  shoulder,  but  in  most  cases  the  injury  is  to  the  anterior  primary 
division  of  the  fifth  cervical  nerve,  and  careful  examination  will  show 
that  the  spinati  also  are  affected.  In  other  cases  the  wasting  of  the 
deltoid  on  which  the  circumflex  injury  was  diagnosticated  is  found  to 
be,  in  common  with  all  the  muscles  around  the  joint,  the  result  of  a 
traumatic  arthritis. 
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Careful  examination  is  necessary  before  coming  to  a  decision  with 
regard  to  treatment;  testing  must  be  carried  out  for  all  forms  of 
sensibility.  If  there  is  no  loss  of  sensibility,  and  there  is  paralysis 
of  the  deltoid  with  the  reaction  of  degeneration,  it  is  extremely  im- 
probable that  the  circumflex  nerve  is  injured.  If  the  signs  arc  those 
of  complete  section  of  the  nerve,  the  age  of  the  patient  and  his  occupa- 
tion must  be  taken  into  consideration;  in  some  cases  operation  can 
be  avoided  by  training  the  neighboring  muscles  to  take  the  place  of 
the  deltoid.  This  vicarious  restoration  is  well  illustrated  in  a  case 
recorded  by  Kennedy.  If  it  is  essential  that  perfect  movement  be 
obtained,  operation  must  be  carried  out.  The  nerve  should  be  exposed 
in  the  axilla  just  before  it  passes  through  the  quadrilateral  space  and 
traced  onward. 

Ulnar  Nerve. — This  nerve  may  be  injured  at  the  elbow  or  at  the 
wrist  above  or  below  the  point  at  which  the  dorsal  branch  is  given  off. 
While  it  may  suffer  in  any  part  of  its  course  from  injury  and  the  result 
of  penetrating  wounds,  these  are  more  usual  at  the  wrist.  At  the 
elbow  the  injury  is  due  in  most  cases  to  fracture  or  deformity,  recent 
or  old,  usually  the  latter,  and  to  dislocation  of  the  nerve. 

If  complete  recovery  is  to  obtain  the  paralyzed  muscles  must  be  kept 
relaxed.  I  have  devised  an  aluminum  splint  for  this  purpose  worn 
on  the  dorsum  of  the  hand,  keeping  the  fingers  slightlj'  flexed  at  the 
metacarpophalangeal  and  extended  at  the  interphalangeal  joints.  If 
this  is  worn  the  onset  of  "claw  hand"  may  be  prevented  and  function 
be  completely  restored. 

Injury  the  Result  of  Deformity  at  the  Elbow. — Injury  in  connection 
with  recent  fracture  is  not  uncommon.  Bruns  records  that  in  101 
fractures  of  the  humerus  the  ulnar  nerve  suffered  in  14.  As  a  complica- 
tion of  a  dislocation  of  the  elbow-joint  it  is  rare. 

The  division  is  usually  incomplete  physiological,  and  recovery  is 
rapid. 

More  important  are  the  lesions  resulting  from  the  deformity,  and 
first  making  their  appearance  after  a  lapse  of  several  years. 

Attention  was  first  directed  to  the  subject  by  Panas  in  1877.  He 
recorded  4  cases,  of  which  three  belonged  to  this  group,  and  mentioned 
that  the  condition  had  led  to  errors  in  diagnosis  and  that  Duchenne 
had  at  first  mistaken  a  case  of  this  description,  "in  common  with  other 
eminent  medical  men,"  but  that  careful  attention  to  symptoms  had 
enabled  him  to  make  the  correct  diagnosis. 

These  observations  seemed  to  have  escaped  general  attention,  for 
ten  years  elapsed  before  any  further  cases  were  recorded;  Weber  in 
a  paper  upon  the  etiology  of  paralysis  of  the  ulnar  and  median  nerves 
from  peripheral  causes,  described  2  cases,  in  1  the  injury  dated  back 
twenty-seven  years,  in  the  otiier  thirteen  years.  In  1908  I  collected 
all  the  published  cases  and  added  two  of  my  own.  Since  then  I  have 
had  14  cases  under  my  care. 

The  injury  producing  the  deformity  has  been,  in  most  cases,  a  frac- 
ture or  epiphyseal  separation  of  the  lower  end  of  the  humerus  which 
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has  led  to  a  marked  cubitus  valgus,  often  witli  obliteration  of  the  ulnar 
groove.  The  nerve  is  enlarged  into  a  spindle-shaped  swelling  behind 
the  internal  condyle. 

The  symptoms  appear  usually  many  years  after  the  injury.  In 
most  of  the  recorded  instances  the  accident  was  in  childhood,  and  in 
several  cases  no  history  of  the  injury  could  be  obtained.  This  was 
the  case  in  one  of  the  patients  upon  whom  I  operated,  but  the  physical 
signs  and  the  radiograph  left  no  doubt  as  to  the  origin  of  the  marked 
cubitus  valgus  which  was  present. 

The  first  symptom  noticed  is  generally  pain  in  the  distribution  of 
the  nerve;  this  is  soon  followed  by  wasting  and  weakness  in  the  muscles 
which  it  supplies.  This  may  have  gone  on  to  complete  division,  but, 
as  a  rule,  the  signs  are  those  of  incomplete  division  only. 

Diagnosis. — If  the  existence  of  this  condition  is  remembered,  no 
difficulty  should  arise.  Dislocation  of  the  ulnar  nerve  may  be  sus- 
pected, but  the  absence  of  undue  mobility  and  the  gradual  onset  of 
symptoms  render  differential  diagnosis  easy.  In  many  of  the  cases  the 
diagnosis  of  anterior  poliomyelitis  has  been  made.  Careful  attention 
to  the  symptoms  will  prevent  this  mistake.  The  typical  deformity 
in  the  region  of  the  elbow  and  the  spindle-shaped  swelling  upon  the 
nerve  establishes  the  diagnosis. 

Treatment. — In  all  cases  means  should  be  taken  to  remove  the 
cause  of  the  disease.  In  the  least  severe  cases,  rest  will  entirely  relieve 
the  symptoms  for  a  time,  but  recurrence  inevitably  takes  place  on 
resuming  active  use  of  the  forearm. 

The  nerve  should  be  exposed  behind  the  internal  condyle  and  a 
groove  in  the  bone  chiselled  for  it;  if  the  cubitus  valgus  is  excessive 
it  may  be  necessary  to  remedy  this.  When  the  signs  are  those  of  incom- 
plete division  only,  removing  the  cause  of  the  pressure  and  protecting 
the  nerve  will  be  sufficient,  but  when  the  signs  are  those  of  complete 
division,  the  spindle-shaped  swelling  should  be  excised  and  end-to-end 
suture  performed  in  addition. 

Dislocation  of  the  Ulnar  Nerve. — Abnormal  mobility  of  the  ulnar 
nerve  is  of  common  occurrence,  and  gives  rise  to  no  symptoms;  it  is 
found  in  individuals  in  whom  physiological  cubitus  valgus  is  more 
marked  than  usual,  occasionally  in  those  in  whom  cubitus  valgus 
results  from  injury.  This  condition,  which  may  be  called  subluxation 
of  the  ulnar  nerve,  is  the  predisposing  cause  of  dislocation,  which  name 
should  be  reserved  for  those  cases  in  which  the  nerve  travels  over  the 
internal  condyle.  This  can  occur  only  in  flexion  of  the  forearm,  and 
in  most  cases  a  fall  on  the  flexed  elbow  is  given  as  the  cause.  This 
probably  ruptures  the  fascia  which  keeps  the  nerve  in  position. 

The  condition  occurs  most  often  in  males  between  the  ages  of  twenty 
and  thirty.  The  symptoms  usually  come  on  immediately  after  the 
injury;  occasionally  some  time  elapses,  the  frequent  injuries  to  which 
the  nerve  is  subject  in  passing  over  the  internal  condyle  causing  fibrosis. 
In  a  few  instances  the  condition  originates  without  injury;  in  these 
patients  the  fascia  which  keeps  the  nerve  in  place  is  gradually  stretched. 
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If  symptoms  are  present  pointing  to  interference  with  the  functions 
of  the  nerve,  treatment  must  not  be  delayed.  A.  long  incision  is  made 
to  expose  the  uhiar  nerve  in  its  groove  which  is  deepened  after  freeing 
the  nerve;  it  should  then  be  wrapped  in  membrane  to  prevent  its 
becoming  adherent,  and  finally  the  groove  formed  into  a  canal  by 
stitching  a  portion  of  the  fascia  of  the  triceps  over  it.  In  cases  that 
have  been  neglected,  in  which  a  diffuse  fibrosis  is  present  leading  to 
all  the  signs  of  complete  division,  it  will  be  necessary  to  resect  the 
damaged  portion  of  the  nerve;  this  will,  however,  rarely  be  required. 

Musculospiral  Nerve.  —  The  special  interest  in  connection  with 
this  nerve  lies  in  the  fact  of  its  frequent  injury  in  association  with 
fractures  of  the  humerus,  particularly  of  its  lower  or  middle  thirds. 
Von  Bruns  found  it  compHcating  8  per  cent,  of  886  collected  cases, 
Riethus  4  per  cent,  of  319  cases.  The  former  figures  correspond  with 
my  experience. 

In  addition,  crutch,  "sleep,"  and  "Saturday  night"  paralysis  are  not 
uncommon  as  the  result  of  direct  pressure  upon  the  nerve. 

In  every  case  the  paralyzed  muscles  must  be  kept  relaxed  by  sui  cable 
splints,  and  in  no  case  must  "wrist  drop"  be  allowed.  Operation  is 
rarely  indicated  except  in  the  cases  complicating  fractures,  as  the 
injury  is  incomplete  and  recovery  is  usually  rapid. 

Treatment  when  involving  fractures  is  given  on  page  76. 

The  prognosis  is  better  than  after  injury  of  any  other  nerve.  In 
cases  in  which  neurolysis  is  necessary,  restoration  of  function  often 
commences  within  a  few  weeks.  Even  after  secondary  suture,  motor 
power  usually  returns  within  a  year. 

Great  Sciatic  Nerve. — Injuries  of  the  great  sciatic  nerve  are  rare. 
It  may  suflt'er  in  penetrating  wounds,  but  in  civil  practice  usually  from 
traction  due  to  the  reposition  of  a  dislocation  of  the  hip,  congenital 
or  acquired.  It  is  important  to  remember  that  its  external  popliteal 
(peroneal)  division  suffers  most  in  these  injuries,  and  signs  of  its  com- 
plete division  may  be  present  without  affection  of  the  internal  popliteal 
portion. 

Treatment  follows  the  usual  lines  and  recovery  is  always  slow. 

External  Popliteal  Nerve. — This  nerve  suffers  most  often  as  the 
result  of  direct  violence  as  it  passes  around  the  neck  of  the  fibula.  When 
primarily  injured  in  association  with  fracture,  operation  should  be 
undertaken  at  once,  for  the  nerve  not  infrequently  passes  between 
the  two  fragments. 

However  caused,  the  division  is  usually  incomplete,  but  recovery 
is  always  slow  and,  unless  great  care  be  taken,  often  imperfect.  It  is 
essential  to  keep  the  foot  at  right  angles  and  prevent  foot  drop. 

External  Cutaneous  Nerve.- — Injury  to  this  nerve  is  of  importance 
in  that  it  is  occasionally  the  precursor  of  Bernhardt's  disease.  The 
nerve  is  usually  involved  at  its  exit  from  the  deep  fascia  and  in  many 
cases  a  spindle-shaped  swelling  may  be  felt  here.  The  injury  causing 
it  may  be  long  continued,  as  by  a  badly  fitting  truss  or  in  other  cases 
it  follows  a  sudden  strain. 
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If  due  to  any  continued  pressure,  removal  of  the  cause  is  often  followed 
by  cure.  When  there  is  a  definite  spindle-shaped  swelling,  resection, 
as  advocated  first  by  Chipault  and  independently  by  Spiller  in  1898, 
should  be  carried  out  and  the  nerve  continuity  reestablished.  This 
treatment  is,  however,  useless  unless  the  condition  is  definitely  due  to 
injury. 
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CHAPTER  III 


TREATMENT  OF  THE  MUSCULAR  ATROPHIES  AND 

DYSTROPHIES 

By  I.  ABRAHAMSON,  M.D. 
INTRODUCTION 

The  progressive  muscular  diseases  are  generally  regarded  as  being 
so  hopeless  that  the  neurologist,  as  well  as  the  general  practitioner,  con- 
siders his  duty  fulfilled  when  he  reaches  a  diagnosis.  He  then  secretly 
imparts  to  the  family  the  bad  outlook,  and,  to  mitigate  the  evil  nature 
of  his  tidings,  mercifully  suggests  that  electricity  and  massage  may 
be  of  some  value,  but  with  little  faith  that  the  measures  he  proposes 
will  have  an}''  beneficial  effect  on  the  disease  process. 

Etiology. — Although  the  etiology  of  these  conditions  leaves  much 
to  be  desired,  still  we  must  remember  that  with  every  advance  in 
medical  knowledge  the  underlying  cause  of  another  disease  is  dis- 
covered, and  the  etiologic  scrap  heap  is  steadily  diminishing;  yet 
there  are  a  multitude  of  diseases  in  which  the  essential  etiologic 
factor  still  evades  us,  so  that  we  must  be  satisfied  with  many  alleged 
factors,  among  which  the  true  causal  element  may  or  may  not  be 
included.  The  relative  values  of  the  given  causes  must  for  the  time 
being  remain  a  matter  of  opinion.  We  speak  of  a  principal  etiologic 
factor,  with  secondary  or  contributory  factors,  and,  as  a  rule,  regard 
external  circumstances  as  contributory  factors.  But  many  of  the 
conditions  to  be  spoken  of  here  are  not  separate  diseases,  but  merely 
symptom-complexes — groups  with  superficial  resemblances  in  which 
the  external  physical  and  chemical  signs  of  the  internal  morbid  process 
are  similar.  The  degree  of  outward  correspondence  is  inadequate 
to  constitute  any  real  unity  or  identity.  The  same  clinical  entity 
cannot  arise  from  two  different  causes.  Conversely,  two  different 
exciting  agents  must  produce  two  separate  morbid  conditions. 

There  are  in  the  main  two  chief  classes  of  diseases — one  endogenous, 
due  to  defects  in  formation,  development,  and  vitality  of  certain  parts 
of  the  organism;  the  other  exogenous,  due  to  chemical,  mechanical, 
thermal,  parasitic,  or  other  causes.  Endogenous  causes  are  hereditary 
in  character,  and  can  be  proved  not  only  by  the  logical  exclusion  of 
other  factors  but  also  by  the  presence  of  the  results  of  these  causes 
in  more  than  one  member  of  the  same  family.  Exogenous  diseases 
are  due  to  a  diversity  of  irritants.  The  separation  of  exogenous  dis- 
eases from  one  another  is  easier  than  that  of  hereditary  diseases  where 
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with  a  unique  etiologic  basic  factor  many  clinical  entities  exist  which 
are  difi'erentiated  only  for  convenience  of  study. 

However,  as  we  shall  see  in  the  study  of  myopathies,  etc.,  absolute 
separation  is  impossible.  The  localization  of  the  disease  process  may 
be  inconstant,  but  owing  to  the  existence  of  transition  forms  no  site 
or  sites  can  claim  a  monopoly.  This  variation  of  localization  exi.sts 
not  only  with  reference  to  endogenous  diseases,  but  to  exogenous  dis- 
eases also,  e.  g.,  tuberculosis  and  carcinoma.  In  exogenous  diseases  a 
difference  in  site  very  often  necessitates  a  difference  in  prognosis  and 
treatment.  In  endogenous  diseases  localization  does  not  profoundly 
modify  the  course.  When  we  later  study  the  atrophies  we  shall  see 
that  too  much  attention  has  been  paid  to  clinical  form  and  too  little 
to  underlying  cause. 

Heredity. — I  shall  not  go  into  a  detailed  description  of  the  principles 
governing  heredity,  nor  of  the  laws  of  transmission.  Heredity  is 
the  transmission  of  traits  or  characteristics.  These  may  be  similar, 
i.  e.,  direct;  or  dissimilar,  i.  e.,  indirect.  The  laws  of  Mendel,  Galton, 
and  others  governing  certain  types  of  heredity  can  be  studied  elsewhere. 

Four  types  can  be  distinguished: 

1.  Forms  with  latent  heredity,  the  parents  being  apparently'  normal, 
one-sided  heredity  like  the  sports  of  the  botanists. 

2.  Forms  with  consanguinity — spastic  paralyses,  retinitis  pigmentosa, 
deaf-mutism. 

3.  Double  heredity — albinism. 

4.  Forms  with  sexual  differentiation:  (a)  Females  remain  un- 
affected, but  transmit  the  disease  to  their  male  descendants.  The 
males  do  not  transmit  the  disease.  This  sexual  differentiation  is  seen 
in  hemophilia,  hemerolopia,  heredo-atrophy  of  the  optic  nerve,  dys- 
trophies, extra  digits  and  toes,  Merzbacher's  aplasia  axialis  extracorti- 
calis  congenita,  {h)  Cases  with  the  converse  (Higier)  familial  periodic 
paralysis.  The  germinal  diseases  (endogenous)  in  some  cases  show 
destruction  of  entire  systems;  in  others  very  limited  involvement. 
Some  observers  maintain  that  the  germ  plasm  changes  do  not  markedly 
differ  originally,  but  that  in  later  life  exogenous  causes  determine  the 
nature  and  extent  of  the  lesion.  This  is  true  to  a  great  extent  for  pro- 
gressive muscular  atrophy,  tabes,  paresis,  etc.,  but  for  various  familial 
conditions  it  is  false.  Further  research  into  the  conditions  that  govern 
germinal  activity  is  necessary  to  elucidate  this  matter. 

Are  the  primary  changes  situated  in  the  nervous  s^'stem  or  in  other 
organs?  What  part  does  faulty  metabolism  play?  Does  deficient 
nutrition  or  retention  of  deleterious  substances  in  the  blood  or  lymph 
exert  the  main  influence?  We  know  of  the  extreme  sensitiveness  of  the 
nerve  cell  to  various  toxic  influences.  When  one  regards  states  like 
amaurotic  idiocy,  with  its  sudden  and  widespread  abiosis,  the  impor- 
tance of  the  exogenous  factor  in  the  blood,  or  lymph,  seems  as  great 
or  scarcely  less  than  the  endogenous  factor. 

Summing  up:  The  hereditary  trait  consists  (1)  of  a  predisposition 
to  certain  diseases,  induced  by  disturbances  in  the  metabolism,  by 
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blood  diseases,  by  various  intoxications  and  other  constitutional  aber- 
rations, which  possess  in  common  a  selective  affinity  for  the  nervous 
system,  i.  c,  acquired  tendency;  and  (2)  of  an  increased  vul- 
nerability of  certain  organs,  due  to  germinal  anomalies  of  the  inherited 
tendency. 

Whether  the  dynamic  mechanism  is  an  accelerated  metabolism,  or 
an  augmented  degeneration  or  regeneration,  is  not  exactly  known. 

The  various  noxa  which  may  be  able  to  produce  certain  alterations 
accelerate  and  increase  the  destructive  changes  already  existent,  or 
which  are  about  to  be  initiated  as  a  result  of  the  hereditary  trait. 

The  great  chronicity  of  the  progressive  muscular  diseases  enables 
the  practitioner  to  recognize  them  in  their  early  stages,  and  to  institute 
measures  for  their  retardation,  if  not  for  the  prevention  of  their  further 
development. 

These  diseases,  by  reason  of  the  early  stage  at  which  they  usually 
come  under  observation,  ought  to  afford  ample  opportunity  for  therap}^, 
but,  owing  to  their  chronicity,  and  the  attitude  of  hopelessness  which 
the  physician  assumes  toward  them,  few  conditions  are  less  improved 
by  medical  supervision. 

The  family  physician,  confronted  by  an  hereditary  disease,  ought 
not  to  regard  it  as  possessed  of  a  relentlessly  predestined  course.  He 
should  at  once  institute  therapeutic  measures,  and  he  should  patiently 
persist  in  his  endeavors.  The  majority  of  these  cases  may  not  be  amen- 
able to  treatment,  yet  a  definite  number  not  only  cease  to  deteriorate, 
but  even  improve  or  actually  advance  toward  cure.  Even  where  an 
hereditary  taint  exists,  not  ever}'-  progressive  condition  is  due  to  this 
heredity.  It  may  be  due  to  causes  the  consequences  of  which  are  quite 
amenable  to  treatment. 

Prophylaxis. — Prophylaxis  demands  the  consideration,  not  only  of 
the  individual,  but  also  of  the  family.  Good-will  and  self-sacrifice 
are  as  necessary  as  favorable  material  conditions.  The  apparently 
unaffected  members  of  the  familv  must  be  carefullv  observed,  a  neuro- 
pathic  taint  (meaning  commonly,  increased  irritability  and  exhausti- 
bility,  i.  e.,  irritable  weakness)  may  give  rise,  in  some  to  the  so-called 
functional  nervous  diseases,  and  in  others  to  organic  diseases.  There 
is  apparently  no  known  reason  for  this  selection  between  the  functional 
and  organic  disease,  but  it  undoubtedly  exists,  as  a  perusal  of  family 
trees  will  show. 

Neuropathic  taint  is,  in  many  cases,  merely  a  predisposition.  If 
the  various  exogenous  causes  are  removed,  or  protected  against,  much 
can  be  accomplished  to  offset  the  predisposition. 

Neuropathies  are  not  of  necessity  transmissible.  We  find  families 
in  which  there  may  be  three  or  more  children  with  dystrophies,  yet 
the  antecedents  are  unaffected.  Indeed,  if  transmission  were  certain, 
such  families  would  have  been  long  ago  wiped  out  of  existence. 

How  shall  we  combat  the  neuropathic  taint? 

Regulation  of  Marriage. — First,  by  attacking  the  problem  at  the  root 
by  the  regulation  of  the  marriage  of  individuals  from  afl'ected  families. 
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This  is  the  province  of  eugenics,  which  may  well  he  considered  else- 
where. The  interdiction  of  marriage  is  a  dubious  good.  It  cannot 
regulate  the  birth  of  illegitimates,  who  in  foreign  countries,  and  among 
our  immigrant  population,  form  a  large  percentage  of  the  children 
born;  it  cannot  regulate  latent  or  indirect  heredity,  which  is  much  more 
frequent  than  direct.  Then  again,  absolutely  to  interdict  consanguineous 
marriages  is  too  drastic  a  remedy,  because  of  the  rarity  of  the  hereditary 
conditions  resulting  therefrom.  Lastly,  a  study  of  tainted  families 
shows,  after  all,  only  a  small  percentage  of  cases  of  transmission. 
Interdiction  would  tend  to  immorality  and  increase  the  illegitimate 
birth  rate.  If  an  unaffected  member  of  an  affected  family  were 
denied  the  right  to  marry  it  would  tend  to  the  increase  of  venereal 
disease. 

What  advice  should  be  given  to  a  member  of  such  a  family  by  his 
physician  on  the  subject  of  marriage  ?  The  latter  should  make  a  careful 
study  of  both  family  trees.  Even  in  the  absence  of  accurate  tables 
or  statistics,  he  should  clearly  explain  the  laws  of  heredity;  the  danger 
to  the  offspring  resulting  from  such  an  union;  and  the  agony  to  the 
parents  and  to  the  child  should  the  hereditary  disease  develop. 

An  individual  of  such  a  tainted  family  might  be  advised  to  marry 
into  one  free  from  bad  heredity.  The  union  of  similar  heredities 
increases  the  morbid  tendency  in  the  offspring. 

The  interdiction  of  marriage  often  results  in  enhanced  desire,  and 
in  women  the  instinct  of  self-sacrifice  frequently  nullifies  our  efforts. 

The  physician  must  weigh  the  various  factors,  and  determine  the 
course  to  pursue  according  to  the  individual;  then,  being  certain  of 
the  correctness  of  his  attitude,  must  firmly  urge  the  adoption  of  his 
views.  He  must  bear  in  mind  that,  for  the  individual  himself,  a  normal 
marriage,  with  its  prospects  and  its  regularity  of  living,  is  in  itself  a 
natural  barrier  to  the  development  of  the  neuropathies.  But  the 
religious  idea  that  marriage  is  for  weal  or  woe  must  be  combated 
energetically  where  the  woe  is  the  more  likely  consequence.  Should 
the  physician  be  unwilling  to  assume  the  full  responsibility,  it  would 
be  advantageous  to  consult  with  some  eminent  authority  on  the 
subject.    So  much  for  the  question  of  marriage. 

Prevention  of  Conception. — Now  similar  considerations  must  pertain 
to  the  prevention  of  conception  where  two  or  more  children  of  a 
family  have  distinctly  shown  signs  of  an  hereditary  disease,  let  us 
say  of  primary  myopathy. 

I  am  in  favor  of  the  prevention  of  conception  in  such  cases.  While 
appreciating  fully  how  much  the  parents  desire  a  normal  child,  the 
physician  in  view  of  the  sad  results,  and  their  very  likely  repetition, 
ought  to  advise  against  conception. 

Hygienic  Measures. — What  steps  shall  we  take  to  do  all  humanly 
possible  to  prevent  the  occurrence  of  the  family  blight  in  the  still 
normal  children  of  a  tainted  family? 

Hygiene  must  begin  in  infancy.  We  should  Avhere  possible  insist 
upon  breast  feeding,  careful  regulation  of  diet,  the  avoidance  of  too 
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early  walking,  and  all  forms  of  overexertion.  There  must  be  individ- 
ualization in  the  hygienic  management. 

Hygiene  in  childhood  is  still  more  important.  The  principal  article 
of  diet  should  be  milk;  after  dentition,  a  mixed  diet;  meat  only  once 
a  day,  at  noon;  cereals,  bread,  etc.,  in  abundance;  very  few  sweets; 
no  coffee,  tea,  alcohol,  spices,  nor  pungent  sauces.  The  regulation  of 
quantity  is  as  important  as  the  regulation  of  the  kind  of  food  given. 

The  child  must  have  plenty  of  light  and  air;  coddling  must  be  avoided; 
a  process  of  hardening,  gently  and  gradually  applied,  is  very  useful 
after  the  first  year;  the  child  must  get  accustomed  to  noise,  to  changes 
of  temperature,  and  to  changes  of  weather.  Cold  baths,  shower  baths, 
and  ocean  bathing  should  be  employed  only  after  the  fifth  year. 

Clothing  must  afford  sufiicient  protection  against  the  elements;  a 
rational  dress  is  advisable,  loose  porous  materials  permitting  sufficient 
evaporation  from  the  skin.  Tight  clothing,  excessive  local  bundling 
or  wrapping  are  to  be  guarded  against.  The  neck  ought  to  be  free. 
The  night  clothing  must  be  regulated  along  similar  lines. 

The  care  of  the  skin,  by  proper  washing  and  bathing,  is  of  prophyl- 
actic importance. 

The  regulation  of  sleep  is  the  next  factor.  Up  to  four  years  of  age 
it  is  best  for  children  to  have  a  nap  by  day.  They  must  be  taught 
very  early  to  distinguish  night  from  day,  and  hence  the  room  ought 
neither  to  be  darkened  in  the  daytime  nor  artificially  illuminated  at 
night.  Children  up  to  ten  years  of  age  ought  to  be  in  bed  at  8  p.m., 
and  rise  between  6  and  7  a.m.;  in  later  years  sleep  from  9  p.m.  to 
6  A.M.  is  sufficient. 

So  much  for  the  more  elemental  needs  of  the  child. 

Physical  and  Mental  Training. — Physical  and  mental  training  ought 
to  go  hand  in  hand  during  childhood.  Ziemssen  says:  "The  glorious 
results  of  sport  and  play  show  their  effects  on  the  body  and  on  the 
mind.  With  increase  of  skill  and  strength,  there  arises  the  conscious- 
ness and  confidence  in  one's  own  powers  and  capacity,  courage  increases 
and  aggressiveness  results.  As  a  matter  of  course,  with  the  dis- 
appearance of  the  physical  atony,  there  vanishes  also  the  atony  of 
the  will;  character,  energy,  and  judgment  are  enhanced."  The  physical 
mollycoddle  is  only  too  often  the  mental  one. 

When  we  regard  the  progressive  muscular  atrophies,  we  see  the 
importance  of  trauma  as  an  etiological  factor,  and  in  our  more  complete 
attempts  at  prophylaxis  we  must  use  every  effort  to  avoid  trauma. 
No  doubt  the  importance  of  trauma  is  popularly  much  exaggerated. 
Parents  ascribe  practically  all  progressive  diseases  of  obscure  causation 
to  some  trauma  sustained  by  the  child.  We  must  know,  however, 
that  as  contrasted  with  adults,  children  are  not  prone  to  severe  sequels 
following  injuries,  and  that  the  processes  of  regeneration  are  more 
active  in  children.  Nevertheless,  if  lesions  of  bones  and  joints  occur 
in  childhood,  greater  defects  can  follow  than  in  adults.  But  injuries 
are  unnecessary.    Sufficient  safeguards  must  surround  the  child. 

Children  should  be  left  to  their  natural  development  in  their  earliest 
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mental  education.  Precocious  forcing  is  inudvisahle.  The  inherent 
mimicry  of  children  suffices  for  the  normal  child;  cleanliness  and  the 
main  moralities  can  be  impressed.  Disorderliness,  gross  disobedience, 
extreme  selfishness  must  be  combated;  the  emotions  must  be  con- 
trolled and  regulated.  Too  great  leniency  in  this  direction  promotes 
bad  temper,  stubbornness,  and  greediness,  all  tending  to  the  develop- 
ment of  the  neuropath. 

The  child  should  be  unacquainted  with  fear,  and  corporal  punish- 
ment should  be  very  rare  and  very  timely,  the  temporary  deprivation 
of  pleasures  ought  to  be  sufficient  in  most  cases  for  the  purpose  of 
correction.  Our  aim  must  be  to  develop  as  normal  a  child,  physically 
and  mentally,  as  is  possible  in  the  given  case.  Later,  should  an  atrophy 
or  a  dystrophy  develop,  the  careful  and  trying  immediate  treatment 
can  be  carried  out  with  the  least  resistance  on  the  part  of  the  patient, 
and  with  better  hope  of  success. 

And  similarly  with  school  work.  We  must  not  forget  that,  at  best, 
it  is  class  work.  The  individualization  must  be  done  at  home,  and 
home  work  must  supplement  but  not  add  to  the  burdens  of  the  school. 
Half  sessions  for  the  first  few  years  of  school  life  are  advisable. 

The  school  physician's  duty  is  a  very  important  one,  and  in  time  will 
equal  in  value  that  of  the  family  physician.  The  earliest  evidences  of 
chronic  disease  will  often  be  recognized  in  the  schools  by  an  observant 
teacher,  nurse  or  physician.  Aside  from  regarding  only  the  child's 
physical  powers,  as  is  done  at  present,  experienced  medical  advisers 
should  be  consulted  on  the  arrangement  of  the  curriculum  for  the 
healthy  child,  as  well  as  for  the  physically  and  mentally  unfit.  The  less 
said  about  the  psychological  knowledge  of  our  educational  authorities 
the  better.  Physicians  versed  in  psychology  as  well  as  in  physiology 
ought  to  supervise  the  books  given  to  children;  they  should  segregate 
the  psychopathic  and  neuropathic  children,  and  devise  ways  and 
means  to  combat  morbid  tendencies. 

Physical  and  mental  precocity  must  be  mitigated ;  the  emotions  ought 
to  be  properly  developed  and  nurtured.  Dry  studies  must  be  tempered 
by  those  with  pleasurable  feeling  tones,  and  higher  sentiments  should 
be  encouraged.  Love  of  truth,  tolerance,  and  proper  humility  must  be 
fostered.  Laziness,  idleness,  and  indolence  must  be  combated.  Lack 
of  occupation  tends  to  the  development  of  neuropathies.  Pleasure 
must  be  regulated  and  tempered;  too  much  company,  excesses  of  all 
kinds  must  be  forbidden. 

The  choice  of  occupation  is  an  important  one,  and  in  a  family  with  a 
dystrophic  taint  the  family  physician  ought  to  be  consulted  about  the 
choice  of  work.  Open-air  labors,  as  free  from  danger  of  trauma  and 
from  overexertion  as  possible  are  preferable.  Caste  prejudice  must  be 
laid  aside  and  not  allowed  to  stand  in  the  way  of  a  proper  choice. 

The  accidents  of  childhood  must  now  be  considered.  We  have 
already  spoken  of  trauma,  we  must  now  consider  the  infectious 
diseases  and  their  role  in  the  production  of  neuropathies. 

While  the  central  nervous  system,  including  the  sympathetic,  is 
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the  regulator  of  the  various  animal  and  vegetative  functions,  it  is 
conversely  affected  by  disorders  of  function  of  the  various  organs; 
it  responds  very  promptly  to  perturbation  of  their  action,  but  only 
in  rare  cases  is  the  central  nervous  system  permanently  affected  by 
visceral  disease.  Nevertheless,  this  interrelation  is  of  great  importance; 
the  family  physician  must  bear  it  constantly  in  mind,  and  the  neurol- 
ogist must  be  in  a  position  to  recognize  the  existence  of  visceral  disease 
in  nervous  affections.  The  infectious  diseases  are  especially  liable  to 
affect  the  nervous  system,  and  in  their  course,  as  well  as  in  the 
course  of  other  bodilv  disorders,  there  must  be  constant  watchfulness  of 
the  cerebrospinal  axis,  particularly  during  the  acute  stages  and  during 
convalescence. 

The  diseases  of  the  ductless  glands  deserve  special  attention.  Their 
earliest  manifestations  ought  to  be  recognized  and  adequate  measures 
taken  to  prevent  the  later  development  of  system  affections  of  the 
nervous  and  muscular  systems.  As  for  the  avoidance  of  physical  and 
mental  overexertion,  its  significance  is  so  evident  that  it  need  only  be 
mentioned. 

Suflficient  recreation,  sleep,  and  variety  in  work  are  of  obvious  value. 
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Any  thorough  workman  about  to  undertake  an  important  task 
must  make  a  study  of  his  tools,  noting  carefully  their  possibilities 
and  their  limitations.  So,  also,  before  we  take  up  the  study  of  the 
treatment  of  the  individual  muscular  diseases,  the  means  of  therapy, 
exclusive  of  medication,  ought  first  to  be  considered,  in  so  far  as  they 
bear  immediately  on  our  subject. 

The  principal  forms  of  therapy  are  electrotherapy,  hydrotherapy,  and 
mechanotherapy. 

Electrotherapy. — Great  skepticism  exists  as  to  the  therapeutic 
value  of  electricity  in  all  diseases.  Nevertheless,  an  unbiased  critic, 
putting  aside  all  results  due  to  suggestion,  can  point  with  truth  to  the 
markedly  beneficial  effects  of  electricity  in  the  treatment  of  atrophies 
of  muscular,  of  neuritic,  and  of  arthrogenous  origin.  Equally  beneficial 
results  can  be  demonstrated  in  conditions  where  suggestion  evidently 
plays  no  part.  There  can  be  no  doubt  that  electricity  is  a  very  useful 
therapeutic  agent,  in  proper  cases,  when  correctly  applied. 

Three  kinds  of  electricity  are  commonly  applied  in  therapy: 

1 .  The  constant  or  galvanic  current. 

2.  The  induced  or  faradic  current. 

3.  The  high  tension  or  Franklin  current. 

We  must  remember  that  uninterrupted  application  of  the  cathode 
acts  as  an  excitant,  useful  where  centres  or  nerves  show  diminished 
irritability.  The  anodal  is  a  sedative,  non-stimulating  current,  and 
is  useful  in  irritative  conditions,  motor  or  sensory;  rapid  alternations 
are  contraindicated  where  these  effects  are  desired. 
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Galvanic  Current. — The  doses  of  the  excitant  cathodal  current 
ranges  from  2  to  5  ma.,  the  dose  of  the  antin«^uralgic  anodal  applica- 
tion 0.5  to  2  ma.,  size  of  electrodes  4  to  5  cm.  in  diameter:  application 
to  any  given  site  about  two  minutes:  total  duration  over  many  places 
ten  minutes:  frequency  of  application  once  daily.  Only  in  special  cases 
is  a  more  frequent,  or  longer  continued  application  desirable.  Such 
prolonged  applications  are  especially  valuable  for  neuralgias.  Galvan- 
ism should  be  given  a  fair  trial,  and  if  within  a  few  weeks  no  distinct 
improvement  is  apparent  it  should  be  discontinued. 

Faradic  Currents. — Weak  faradism  increases  and  strong  diminishes 
irritability,  but,  owing  to  the  painful  character  of  this  current,  only 
weaker  stimulating  and  tonic  currents  should  be  employed.  An  elec- 
trode of  4  or  5  cm.  diameter,  rounded,  connected  with  the  negative 
pole,  should  be  applied  locally,  each  single  application  lasting  two 
minutes :  total  duration  of  entire  seance  ten  minutes. 

The  faradic  current  is  of  distinct  importance  in  paralyses  after  disuse, 
muscular  wastings  following  dislocations,  fractures,  tenotomies,  and 
arthritides.  Incidentally  it  is  efficacious  in  sensory  disorders,  and  for 
its  reflex  effects. 

Leduc's  intermitting  currents  of  low  tension,  40  interruptions  of  the 
galvanic  current  per  minute,  have  a  powerful  effect  on  muscles  and 
nerves,  .without  sensory  effects.  It  acts  beneficially  on  degenerated 
muscles,  and  has  a  greater  penetration  than  the  ordinary  faradic 
current. 

Galvano-f  aradization. — De  Watteville  praised  this  method  of  combined 
application;  the  favorable  action  of  the  galvanic  current  acting  as 
a  tonic  to  fatigued  muscles,  compensates  the  exhausting  effects  of 
faradism.  We  must  bear  carefully  in  mind  that,  wdiere  the  reaction 
of  degeneration  is  present,  strong  currents  are  to  be  avoided. 

The  electrolytic,  cataphoric,  and  vasomotor  effects  of  electricity 
may  be  summed  up  briefly.  They  aid  absorption  and  favorably  in- 
fluence nutrition.  The  galvanic  current  is  employed;  the  anode  in 
acute  and  exudative  processes,  the  cathode  in  chronic  torpid  processes, 
with  diminished  circulation,  degeneration,  and  sclerosis.  The  anode 
in  painful  conditions,  the  cathode  in  painless  states,  thus  permitting 
the  employment  of  much  stronger  currents. 

For  Franklinization,  sinusoidal,  and  d' Arson val  currents  the  reader 
is  referred  to  special  text-books,  as  their  employment  is  very  limited 
in  the  muscular  atrophies.  It  is  true  that  Franklinization  has  been 
employed  in  muscular  atrophies,  palsies,  and  rheumatic  affections,  but 
I  have  never  seen  any  good  result  from  its  use. 

From  this  brief  general  consideration  of  the  subject  of  electricity 
in  its  application  to  the  muscular  atrophies  it  is  obvious  that  the 
galvanic  and  faradic  currents  appropriately  applied  are  of  decided 
benefit. 

Hydrotherapy. — It  is  my  object  to  gi^•e  only  a  general  account  of 
the  rationale  of  hydrotherapy  in  its  application  to  muscular  atrophies. 
Water  is  used  as  a  convenient  medium  for  the  application  of  various 
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physical  forces,  such  as  heat,  cold,  pressure,  etc.,  to  the  body.  The 
intensity  of  the  reaction  depends  upon  the  intensity  of  the  force  applied, 
and  the  site  and  extent  of  the  application.  The  intensity  of  the  force 
depends  upon  the  amount  and  the  duration  of  the  application.  The 
effects  depend  upon  the  rapidity  of  temperature  alterations,  and  upon 
local  and  general  individual  differences.  We  must  bear  in  mind  that 
weak  and  medium  irritations  are  ultimately  stimulating;  extreme 
irritations  ultimately  depressing,  and  that  the  various  sensibilities  are 
differently  affected  by  heat  and  cold.  Vinaj,  after  accurate  experi- 
ments, determined  that  cold  increases  muscular  capacity-  and  warmth 
diminishes  it.  All  hydrotherapeutic  effects  act  as  nerve  irritants,  the 
intensit}'  of  the  stimulus  being  increased  by  differences  of  temperature 
between  the  water  and  the  surface  temperature  at  the  site  of  applica- 
tion, by  the  extent  of  surface,  by  the  duration  of  application,  and  by 
the  pressure  employed.  The  more  sudden  the  application  the  greater 
the  stimulus;  and  similarly  the  more  hyperesthetic  the  skin  the  greater 
the  reaction.  By  increasing  or  diminishing  the  irritation  we  can  in- 
crease or  decrease  the  reaction.  Too  intensive  irritation  inhibits  or 
may  even  completely  paralyze  reaction,  but  weak  and  moderate  appli- 
cations stimulate.  These  effects  are  produced  by  thermic  and  pressure 
irritations  of  the  sensory  end  organs  and  peripheral  bloodvessels, 
which  modify  the  local  circulation. 

Mechanotherapy. — Of  the  various  modes  of  administration  of  mech- 
anotherapy the  first  is  massage.  The  physician,  by  means  of 
various  manual  movements,  exerts  mechanical  action  on  muscles  at  rest. 
I  say  advisedly  the  physician,  because  in  the  conditions  to  be  taken  up 
later  the  masseur  must  be  fully  cognizant,  at  all  times,  of  the  con- 
dition of  the  muscles  under  his  fingers,  and  must  be  fully  acquainted 
with  the  underlying  pathological  process.  Indiscriminate  massage, 
ignorantly  applied  does  more  harm  than  good,  and  frequently  brings 
about  greater  injury  to  the  affected  muscles  than  already  exists.  The 
time  has  passed  when  this  valuable  therapeutic  agent  should  be  confined 
to  the  hands  of  those  celebrated  only  for  their  great  strength  and  not 
for  their  knowledge  and  skill.  It  is  no  more  undignified  to  apply  proper 
massage  than  to  apply  electricity  or  any  other  therapeutic  agent. 
Along  with  a  practical  knowledge  of  hydrotherapy,  the  ability  to  apply 
massage  should  be  a  part  of  the  equipment  of  every  physician  today. 

Massage. — Massage  is  of  special  service  in  atrophic  muscular  states 
and  deformities  resulting  therefrom.  It  increases  the  nutrition  of 
muscles  made  inactive  by  immobilizing  apparatus  and  exerts  a  benefi- 
cial action  on  their  circulation  and  the  local  metabolism.  It  restores 
function  to  muscles  where  gymnastics  are  impracticable  or  contra- 
indicated,  and  diminishes  cyanosis,  edema,  and  local  heat.  Moreo\  er, 
it  has  a  sedative  action  (when  properly  applied)  on  irritable  tissues, 
acting  as  a  preventive  of  spastic  contractures  due  to  local  pain,  and 
aids  the  resorptif)n  of  the  residues  of  old  inflammatory  j^rocesses  in 
j()int  effusions,  especially  after  operative  interference.  It  diminishes 
or  prevents  deformity  following  scar  formation. 
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Gymnastics. — Next  in  importance  to  massage  comes  gymnastics — 
the  methodical  exercising  of  motor  organs  vitii  esjjecial  reference  to 
local  effects  by  simple  active,  simple  passive,  complex  concentric,  or 
complex  eccentric  movements.  The  active  movements  or  exercises 
are  (individually  or  in  classes)  performed  by  the  patient  himself,  with- 
out outside  assistance,  i.  e.,  by  his  own  muscular  innervation,  as  in 
turning,  balancing,  etc.,  such  movements  being  useful  for  their  effect 
on  general  nutrition.  Variety  and  quality  are  of  importance.  Their 
purpose  is  to  cause  the  muscles  to  respond  quickly  to  the  will.  Their 
moral  value  is  evident.  Every  movement  means  functioning,  local 
hyperemia,  and  increased  local  and  general  metabolism,  with  increased 
nutrition,  increased  strength,  and  finally  an  increase  of  the  contractile 
elements  as  consequent  results.  Overdoing  must  be  avoided;  there 
must  be  individualization;  fatigue  should  be  prevented  by  moderation, 
by  intermissions  and  by  variety  in  exercise. 

Passive  movements  are  performed  without  any  volition  on  the  part 
of  the  patient — exogenous  exercises  so  to  speak — and  may  be  performed 
by  the  physician  himself,  without  the  aid  of  weights  or  machines. 
These  movements  are  indicated  in  contractures,  and  joint  deformities, 
to  prevent  or  break  down  moderate  adhesions,  and  to  keep  the  tendons 
and  muscles  freely  movable  in  their  sheaths.  They  mainly  affect  the 
elasticity  of  the  muscles,  and  with  the  changing  tension  salutary 
effects  on  the  circulation  and  nutrition  result. 

Of  great  value  are  the  complex  movements — the  resistance,  or  so- 
called  Swedish  movements.  The  addition  of  volitional  effort  enhances 
the  value  of  the  passive  movements,  but  the  resistance  must  be  gradually 
and  carefully  applied  by  an  experienced  physician.  They  may  be 
concentric,  i.  e.,  active  flexion  against  resistance;  or  eccentric,  i.  e., 
passive  flexion  against  resistance.  The  movements  must  be  smooth, 
uninterrupted,  gradual,  and  fully  adapted  to  the  patient's  strength. 

To  dispense  with  the  need  for  an  operator  various  apparatus,  known 
as  the  Zander  apparatus,  have  been  devised.  By  their  use,  exact 
dosage  of  the  resistance  and  precise  regulation  of  the  amount  of  force 
to  be  expended  by  the  patient  is  possible.  These,  used  under  the 
watchful  and  skilful  care  of  the  physician,  are  the  last  words  in 
mechanotherapy. 

There  are  two  main  varieties  of  apparatus:    (1)  Those  moved  by 
the  voluntary  effort  of  the  patient,  (2)  those  operated  by  a  motor. 
Three  varieties  of  movements  may  be  accomplished  by  their  use: 

1.  Movements  for  the  exercising  and  developing  of  muscles. 

2.  Passive  movements,  without  the  assistance  of  the  patient,  to 
stretch  capsules,  tendons  and  muscles,  and  to  soften  them. 

3.  Movements  for  mechanical  effects,  such  as  shaking,  kneading, 
chopping,  rubbing,  pulling  of  muscles,  i.  e.,  massage. 

There  are  also  in  existence  various  kinds  of  apparatus,  by  the  aid 
of  which  the  patient  can  exercise  himself,  and  bring  about  similar 
results.  Experience,  however,  teaches  that,  for  various  reasons,  too 
much  as  a  rule  cannot  be  left  to  the  patient. 
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In  many  cases  the  exercises,  which  I  have  described,  are  insufficient 
to  bring  about  correction  of  contraction  or  deformity.  In  such  cases 
various  operative  procedures,  sucli  as  redressement  force  or  other 
forcible  manipuhitions,  under  anesthetics  are  necessary.  At  times 
mechanical  contrivances  are  imperative. 

For  the  various  operative  procedures,  such  as  tenotomies,  muscle 
transplantation,  nerve  transplantation,  and  arthrodesis,  the  reader 
is  referred  to  works  on  surgery. 

PARALYTIC  CONTRACTURES  AND  ANKYLOSES 

The  commonest  complications  of  muscular  atrophy  are  the  paralytic 
contractures  and  the  ankyloses,  and  a  study  of  their  pathogenesis 
ought  to  precede  the  study  proper  of  the  atrophies. 

To  understand  paralytic  contractions,  the  study  of  the  action  of 
antagonistic  muscles  is  necessary.  This  is  best  studied  after  a  tendon 
has  been  divided.  When  the  tendon  has  been  completely  separated 
from  its  bony  attachment,  a  permanent  contraction  of  the  muscle 
ensues;  it  retracts  hke  an  overextended  elastic  band.  Owing  to  the 
poverty  of  the  elastic  substance  and  its  lack  of  firmness,  the  muscle 
can  still  be  stretched  for  a  given  time.  Then  shrinkage  takes  place, 
and  ultimately  the  muscle  cannot  be  stretched  any  longer.  In  the 
earlier  stages,  no  histological  changes  are  to  be  demonstrated,  but 
finally  a  myositis  fibrosa  results. 

But  with  the  antagonist  a  different  state  of  affairs  ensues.  The  antag- 
onist contracts  the  instant  the  muscle  tendon  is  cut;  its  own  elasticity 
keeps  it  contracted.  It  does  not  shrink  to  the  extent  of  the  opponent, 
because  it  is  frequently  but  involuntarily  put  on  stretch.  If  a  finger 
tendon  be  cut,  contraction  of  the  other  fingers  will  cause  concomitant 
contraction  of  this  muscle  automatically,  thus  preventing  atrophy 
from  disuse.  But,  as  we  shall  see  later,  if  it  be  immobilized,  atrophy 
will  ensue,  unless  passive  movements  are  instituted. 

A  completely  paralyzed  muscle  acts  like  one  with  a  severed  tendon. 
The  ordinary  weight  of  the  part  is  insufficient  to  overcome  the 
contracture.  , 

Muscle  elasticity  is  often  confounded  with  muscle  tone.  The  latter 
is  a  constant,  weak,  involuntary  contraction  of  the  muscle  dependent 
upon  the  integrity  of  the  nervous  system. 

Various  theories  have  been  advanced  to  explain  the  occurrence 
of  contracture  in  paralyses,  but  most  probably  it  is,  as  Seeligmiiller 
believed  it  to  be,  a  combination  of  the  action  of  the  antagonist  and 
other  mechanical  actions.  He  believed  that  in  all  cases  of  paralysis 
of  joint-moving  muscles  voluntary  impulses  only  reach  the  non- 
paralyzed  muscles,  moving  along  intact  neural  elements.  As  a  result 
the  non-paralyzed  muscles  will  alone  act  under  volition,  the  limb  will 
assume  one  position,  and  remain  in  that  attitude  by  reason  of  the 
inability  of  the  paralyzed  muscle  voluntarily  to  contract,  and  a  shrink- 
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age  in  this  muscle  ensues.  Every  new  volitional  impulse  will  take  the 
same  course;  shrinkage  becomes  extreme,  aiHed  by  the  weight  of  the 
parts;  as  paralyzed  plantar  flexors,  in  pes  calcaneus.  Where  these 
contractions  do  not  develop  it  is  due  to  the  occurrence  of  passive 
movements  in  the  paralyzed  muscles.  What  appears  to  be  a 
central  predisposition  to  contractures  can  be  recognized  by  vasomotor 
phenomena  like  edema  in  the  paralyzed  part. 

Briefly,  contractures  are  due  to  voluntary  contractures  of  the  an- 
tagonist, and  not  to  the  tonus  of  the  non-paralyzed  muscles.  The 
terminal  attitude  depends  on  other  factors,  those  of  the  weight  of  the 
limb  and  the  burden  put  upon  it,  in  other  words,  on  mechanical 
influences. 

The  instant  a  muscle  is  paralyzed,  the  spasm  of  the  antagonist 
begins.    Which  factor  predominates  must  be  considered  here. 

When  all  the  muscles  of  a  joint  are  totally  paralyzed^  a  flail-joint 
results  where  no  mechanical  movements  are  employed.  If  the  latter 
are  instituted  then  a  contracture  ensues,  the  type  depending  upon 
the  usual  position  given  the  part,  in  bed  or  by  splints. 

If  the  paralysis  be  incomplete,  but  fairly  equalized,  so  that  some 
muscle  function  still  persists,  then  the  influence  of  the  weight  of  the 
limb  in  standing,  walking,  crawling,  pushing,  etc.,  plus  the  physio- 
logical preponderance  of  the  flexors  over  the  extensors  will  determine 
the  form  of  contracture. 

When  certain  muscle  groups  are  involved,  then  the  contracture  is 
ushered  in  by  the  contraction  and  elasticity  of  the  antagonists.  The 
more  closely  approximating  points  of  insertion  are  never  separated 
to  their  former  distance,  and  a  nutritional  shrinkage  ensues  that  can 
even  overcome  the  effect  of  the  dead  weight  of  the  extremities,  and  also 
the  burden  put  upon  it  by  the  rest  of  the  body.  The  weight  and  in- 
cumbrance acting  together  may  increase  the  contracture,  but  if  applied 
antagonistically  to  one  another  may  exert  no  influence  on  the  produc- 
tion of  contracture.  Generally  the  external  forces  act  more  powerfully 
than  the  functioning  muscles  in  effecting  the  production  of  contracture. 

Trophoneurotic  factors,  especially  in  growing  children,  act  dele- 
teriously  on  the  muscles  previously  shortened. 

Ankyloses. — Ankyloses  are  frequently  sequelae  to  contractures. 
They  are  states  in  which  two  or  more  joint  surfaces,  owing  to  local  or 
intra-articular  changes,  become  fixed  and  immobile,  and  unite.  The 
new  interarticular  tissue  is  usually  connective  tissue,  especially  in  the 
early  stages,  and  if  soft  and  pliant  forms  what  is  called  an  incomplete 
ankylosis.  In  the  course  of  time,  changes  in  the  cartilages  result;  the 
latter  disappears  and  bloodvessels  form  in  the  new  tissue — the  so-called 
ankylosis  fibrosa  cartilagina.  Where  cartilage  remains  plentiful,  then 
a  cartilaginous  ankylosis  develops.  After  a  still  longer  time,  a  union  of 
the  joint  surfaces  occurs  and  an  ankylosis  fibrosa  interossea  results. 
Last  of  all  an  ankylosis  ossea,  in  which  the  new  bony  tissue  originates 
from  a  metaplasia  of  cartilage  or  from  outgrowths  from  the  bones 
themselves.    Mixed  types  also  exist. 
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Treatment. — These  ankyloses  do  not  improve  without  treatment, 
but  rather  tend  steadil}'  to  increase  and  finally  become  stable.  If 
secondary  inflammation  occurs,  the  ankylosis  may  become  bony. 

In  their  earl\'  stages,  if  we  except  those  of  developmental  origin, 
they  are  curable;  at  least,  a  restoration  closely  approximating  the 
normal  may  be  produced.  A  completely  paralyzed  muscle  cannot 
be  fully  restored,  but  a  considerable  restoration  of  power  may  follow 
suitable  treatment. 

If  at  the  onset  adequate  and  proper  means  are  applied,  the  normal 
static  relations  may  be  restored,  and  the  bony  development  will  then 
follow  along  normal  lines.  Yet  it  is  just  the  early  stages  that  are  over- 
looked or  improperly  treated.  Mechanicians  in  orthopedics  are  useful 
when  working  under  skilled  ph^^sicians'  orders,  but  their  independent 
efl:'orts  are  fraught  with  danger.  A  contractor  is  never  called  upon 
to  take  the  place  of  an  architect;  so  in  this  more  important  branch 
a  brace-maker  is  neither  a  diagnostician  nor  a  proper  prescriber  of 
orthopedic  apparatus. 

The  treatment  should  be  (1)  preventive,  (2)  corrective,  and  (3) 
directed  toward  prevention  of  recurrence. 

In  all  joint  conditions,  where  deformities  are  apt  to  occur,  the  patient 
must  be  placed  under  such  conditions,  at  rest  or  in  bed,  that  ankylosis 
may  be  avoided  or,  when  it  is  inevitable,  that  the  resulting  position  of 
the  part  shall  be  the  most  serviceable.  The  same  problem  confronts 
us  when  we  deal  with  contractures.  Apparatus  must  be  employed 
where  necessary;  parts  must  be  placed  in  the  most  favorable  positions. 
They  may  have  to  be  placed  in  extreme  opposite  directions  when  we 
have  to  deal  with  scars  that  have  a  tendency  to  contract,  and  by  their 
shrinkage  to  cause  deformity. 

Where  hereditary  tendencies  exist,  children  must  be  carefully  watched, 
both  at  home  and  at  school,  for  the  earliest  evidences  of  hereditary 
disease.  Proper  exercises,  gymnastics,  etc.,  are  very  useful.  The 
remarks  on  the  hygiene  of  childhood  hold  here  with  special  emphasis. 

For  information  as  to  the  various  corrective  apparatus,  the  reader 
is  referred  to  text-books  on  orthopedics. 

Prognosis. — The  prognosis  of  ankylosis  depends  upon  its  duration, 
the  degree  of  deformity,  and  upon  proper  skill  in  treatment.  We 
must  always  have  in  mind  a  clear  conception  of  the  underlying 
pathological  changes.  Marked  deformities  do  not  of  necessity  mean 
a  poor  prognosis;  the  essential  point  is  whether  the  ankylosis  is 
congenital  or  not. 

MUSCULAR  ATROPHIES 

Muscular  Atrophy  in  General. — Muscular  atrophy  is  a  clinical  entity 
only,  and  to  understand  it  a  thorough  study  is  necessary. 

The  first  cause  is  trophic.  Aside  from  its  blood  supply,  a  muscle 
depends  for  its  integrity  on  the  lower  motor  neurone;  that  is  to  say, 
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the  ganglion  cell  in  the  anterior  horn  of  the  spinal  cord  (the  true  trophic 
centre),  the  axis-cylinder,  and  the  end  spindle«.  i'he  mechanism  of 
the  lowest  synapse  between  the  muscle  spindles  and,  the  muscular 
fibers  is  not  as  yet  clearly  known.  P'unction  is,  we  know,  carried  along 
the  same  paths. 

Whether  or  not  other  trophic  centres  exist  in  the  Rolandic  area, 
basal  ganglia,  etc.,  is  still  an  open  subject,  as  the  study  of  cerebral 
and  arthrogenous  atrophy  will  show.  The  generally  accepted  view  is 
that  the  true  trophic  centre  lies  in  the  anterior  horn  cells,  but  that 
this  control  is  regulated  by  stimuli  from  the  periphery  and  from  the 
central  cortex.  It  is  not  necessary  to  formulate  a  cerebral  centre  as 
Quincke  has  done,  but  only  to  account  for  muscular  atrophy  in  cerebral 
disease  as  due  to  the  abeyance  of  the  stimuli  regulating  the  trophic 
centres. 

Not  alone  the  absence  of  volition,  but  the  absence  of  motor 
impulses  also  serve  to  diminish  these  controlling  stimuli;  these  are 
best  seen  in  hemiplegias. 

The  ganglion  cells  remain  intact  as  long  as  reflex  activity  exists. 
When,  however,  the  disease  spreads  from  the  degenerated  pyramidal 
tracts  to  the  anterior  horns,  then  severe  trophic  changes  result. 

There  are  also  peripheral  or  reflex  atrophies,  due  to  irritating  joint 
diseases.  The  excess  of  sensory  impulses  brings  about  muscular  atrophy, 
which  may  be  avoided  by  cutting  the  posterior  roots.  While  this 
explanation  generally  holds  in  individual  cases,  a  combination  of  causes 
may  occur,  i.  e.,  aside  from  joint  conditions,  such  as  a  preexisting  injury 
to  the  anterior  horn  cells,  which  has  left  in  its  wake  a  diminished  resist- 
ance. Steiner  speaks  of  a  lessened  autonomy  of  the  spinal  centres,  which 
can  persist  in  an  infantile  state.  Such  a  ganglion  cell  will  naturally  suffer 
more  from  the  abolition  of  volitional  and  other  impulses.  This  probably 
explains  the  severe  atrophies  seen  in  juvenile  hemiplegias.  The  same 
explanation  may  also  pertain  to  the  arthrogenous  atrophies.  The 
selective  action  of  various  toxins,  such  as  lead,  and  alcohol  on  the 
anterior  horns  is  well  known.  The  muscular  atrophy  seen  in  hysteria 
may  be  explained  by  a  diminution  of^tone  in  the  anterior  horn  cells. 

The  other  group  of  atrophies  is  due  to  primary  or  secondary  disease 
of  the  anterior  horns  themselves,  and  the  essential  spinal  t\^es  of  mus- 
cular atrophy  as  seen  in  poliomyelitis,  amyotrophic  lateral  sclerosis 
or  syringomyelia,  and  the  neural  atrophies  seen  in  neurotic  muscular 
atrophy,  and  the  various  polyneuritides. 

It  must  be  borne  distinctly  in  mind  that  the  separation  of  a  muscle 
from  its  nutrient  cell  does  not,  as  in  the  case  of  a  nerve,  bring  about  a 
degenerative  atrophy.  There  occurs  a  disappearance  of  muscle  fibers, 
a  simple  atrophy.  A  muscle  is  not  an  integral  part  of  the  lower  motor 
neurone,  but  is  a  distinct  entity,  and  the  loss  of  function  is  similar  to 
the  loss  of  neural  function  in  supranuclear  disease.  Other  factors  are 
necessary  to  cause  a  degenerative  muscular  atrophy,  i.  e.,  changes  in 
the  circulation  of  the  blood  and  lymph,  inflammation  and  the  specific 
action  of  degenerated  anterior  horn  cells  on  the  muscles  themselves, 
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the  nerves  connecting  them  remaining  uninvolved.  The  rationale  of 
this  action  is  not  definite!}'  known. 

Reflex  Atrophy. — Reflex  atrophy,  another  variety,  may  be  due  to 
two  mechanisms;  (1)  a  vasomotor  influence  bringing  about  nutritional 
changes,  or  (2)  through  the  direct  action  on  the  trophic  centres  in 
the  spinal  cord.  The  second  is  the  generally  accepted  explanation. 
Charcot  has  distinguished  two  forms:  an  abarticular  and  an  articular. 
He  has  also  difl'erentiated  the  stages  of  the  latter,  of  stupor  and 
of  inertia,  which  is  very  transient,  and  may  disappear  very  rapidly 
under  electrical  treatment. 

In  this  stage  no  histological  changes  in  the  cord  are  perceptible; 
but  after  long  duration  irreparable  deteriorations  cause  atrophy,  and 
a  diminution  of  ganglion  cells  occurs,  while  in  extreme  cases  total 
disappearance  may  result. 

These  changes  can  be  brought  about  experimentally  by  injection  of 
irritants,  such  as  mustard,  turpentine,  silver  nitrate  into  joints,  from 
which  atrophy  results,  whether  the  parts  be  moved  or  not.  If,  however, 
the  posterior  roots  be  cut,  atrophy  does  not  take  place.  These  experi- 
ments show  fairly  conclusively  that  the  muscular  atrophy  is  due  to 
action  on  the  cord  itself.  Brown-Sequard  believed  that  the  irritation 
was  caused  by  vasomotor  inhibition,  which  ceased  when  the  roots  were 
cut.  The  occurrence  of  atrophy  in  long-standing  cases  would  appear 
to  negative  this,  however. 

Reflex  atrophy  has  the  following  characteristics:  a  short  time  after 
the  accident,  flaccidity  and  a  myasthenia  appear,  then  exaggeration 
of  the  tendon  and  superficial  reflexes,  increased  myotatic  irritability, 
increased  faradic  excitability,  and  sensory  phenomena  appear.  Rapid 
diminution  of  volume  occurs,  which  when  properly  treated  as  rapidly 
ceases. 

In  addition,  the  atrophy  bears  no  direct  relation  to  the  amount  of 
muscular  activity,  to  the  loss  of  power,  or  to  the  nature  and  extent  of 
the  injury.  It  has  a  selective  action  on  the  entire  length  of  the  extensor 
muscles  of  a  joint;  there  is  only  a  quantitative  change  in  electrical 
excitability,  and  histologically  only  a  simple  atrophy  results. 

We  shall  consider  below  in  greater  detail  the  clinical  picture  and  the 
therapy  of  reflex  atrophy. 

Inactivity  or  Disuse  Atrophy. — Normally  the  muscular  volume  is 
proportionate  to  bony  development,  and  to  the  ordinary  work  per- 
formed by  the  muscles,  though  naturally  a  wide  margin  of  physiological 
variation  exists.  Formerly  too  great  importance  was  attached  to  the 
role  of  inactivity  in  the  production  of  atrophy;  yet  its  influence  in  old 
dislocations,  in  ankyloses,  after  tenotomies,  in  patellar  fractures,  and 
in  amputation  stumps  is  unmistakable. 

Klippel  showed  that  in  ankyloses  of  the  knee  the  quadriceps  was 
unequally  and  irregularly  Implicated.  The  vasti  with  great  limitation 
of  motion,  showed  the  maximum  atrophy,  while  the  rectus  femoris 
which  still  passed  over  a  functioning  joint  was  affected  to  a  much  less 
extent.    Ilanau  showed  similar  selection  in  ankyloses  at  the  ankle. 
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For  the  proper  nutrition  of  a  muscle  there  must  be  some  activity,  if 
ever  so  Httle. 

In  amputation  stumps,  those  muscles  atrophy  most  which  do  not 
pass  over  a  functioning  joint — in  the  leg  the  soleus  most  and  the  gas- 
trocnemius least,  and  in  the  thigh,  the  vasti  more  than  the  recti. 

In  atrophy  from  immobilization  under  cast  or  brace  the  complica- 
ting influences  are  pressure  by  the  cast,  or  the  initial  injuries  to  the 
muscles  at  the  time  of  the  fracture.  Bone  and  tendon  diseases  have  a 
concomitant  deleterious  action.  Inactivity  atrophy  is  an  undesirable 
complication.  The  proof  of  the  causative  relation  of  inactivity  is 
the  absence  of  atrophy  under  electrical  or  physical  therapy.  Even  in 
primary  muscular  atrophies  inactivity  plays  an  important  part,  a  fact 
which  must  be  borne  in  mind  when  we  come  to  treat  of  these  atrophies. 
Scores  of  instances  of  inactivity  atrophy  can  be  mentioned.  The 
waste  of  those  muscles  most  employed  in  health,  during  prolonged 
confinement  to  bed,  must  have  impressed  every  clinical  observer, 
yet,  peculiar  to  relate,  careful  microscopic  examination  fails  to 
substantiate  the  existence  of  this  specific  variety  of  muscular 
wasting. 

As  the  antithesis  to  the  above  is  the  muscular  hypertrophy  due  to 
activity.  Nothnagel,  with  frogs,  and  Morpurgo,  with  a  dog  in  a  tread- 
mill, were  the  first  definitely  to  show  this  increased  volume;  this  phe- 
nomenon has  since  been  studied  by  many  other  observers.  The  hyper- 
trophy is  due  to  increased  functional  stimulation,  resulting  in  dilatation 
of  the  smaller  bloodvessels  of  the  muscles,  and  in  increased  capillary 
and  lymph  circulation  following  the  increased  muscular  action;  but 
although  these  factors  are  of  great  importance  they  are,  nevertheless, 
not  fundamental,  Nothnagel  believed  that  a  specific  cellular  activity 
was  responsible. 

Increased  waste  and  repair,  to  the  physiological  boundaries,  takes 
place  in  the  sarcoplasm,  leading  in  a  short  time  to  an  increase  in  the 
diameter  of  the  muscle  fibers,  and  an  increase  of  fibrils;  there  thus  results 
a  true  hyperplasia.  If  the  physiological  boundaries  are  exceeded, 
overuse  of  the  muscle  substance  occurs,  and  damage  results  to  the 
muscle  fibers.  The  older  and  less  actively  functioning  ones  first  show 
defects  and  lose  their  function. 

Under  favorable  nutritional  conditions  an  overproduction  of  muscle 
cells  takes  place  and  muscle  fibers,  depending  on  the  functional  activity, 
either  develop  or  die.  With  long-continued  yet  physiological  activity, 
and  with  good  nutrition  there  results  another  variety  of  hypertrophy — 
the  numerical  hypertrophy  or  hyperplasia.  With  poor  nutrition,  with 
excessive  or  inefficient  functional  stimuli,  the  new  elements  as  the 
oldest  fibers  perish,  and  a  numerical  atrophy  ensues. 

The  amount  of  muscular  damage  in  inactivity  atrophy  is  propor- 
tionate to  the  disturbance  of  function.  In  transient  and  incomplete 
inactivity  a  simple  atrophy  without  loss  of  fibers  results.  Such  muscles 
become  normal  on  the  restoration  of  activity. 

In  long-standing  cases  of  incomplete  atrophy,  only  single  muscle 
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fibers  waste,  and  restitution  becomes  doubtful.  Normal  regeneration 
remains  in  abeyance  in  the  inactive  muscles. 

Under  complete  inactivity,  as  seen  in  immobilization,  degeneration 
follows,  with  loss  of  fibers,  and  more  or  less  extensive  atrophy.  Here 
regeneration  is  impossible,  and  restoration  of  function  causes  hyper- 
trophy and  hyperplasia  of  the  remaining  fibers. 

In  youthful  individuals,  however,  bioplastic  changes  occur  which 
accelerate  the  disappearance  of  muscles.  Here,  in  the  absence  of  the 
natural  stimuli  to  muscular  growth,  the  newly  formed  cells,  instead  of 
developing  into  new  muscle,  degenerate  until  finally  the  entire  muscle 
disappears  and  is  replaced  by  fat.  Complete  disappearance  never 
occurs,  however,  as  isolated  muscle  fibers  are  found  within  the  fat  of 
aged,  unused  stumps. 

Influence  of  General  Nutrition  on  Muscular  Atrophy. — Profound  dis- 
turbances of  nutrition  act  deleteriously  on  the  contractile  substance, 
and  can  directly  or  indirectly  bring  about  simple  or  degenerative  atrophy. 
The  two  main  sources  of  nutritional  disturbance  are  circulatory  dis- 
orders and  general  inanition.  In  long-standing  cases,  the  former  brings 
about  granular,  fatty,  fibrillar  degeneration.  In  transient  ischemia 
the  changes  are  only  partial.  These  products  of  degeneration  are 
rapidly  absorbed,  and  a  loss  of  muscular  volume  results,  the  extent  of 
which  is  dependent  upon  the  degree  of  degeneration  existing.  With 
the  return  of  circulation  these  signs  disappear  and  there  remains, 
according  to  the  intensity  of  involvement,  either  simple  atrophy,  or 
numerical  atrophy,  or,  in  extreme  cases,  even  muscle  defects. 

In  inanition  simple  atrophy  is  found  at  the  onset;  but  later  a 
degenerative  atrophy  results.  The  muscle  disappears  simultaneously 
with  the  fatty  subcutaneous  tissue. 

Experiments  made  on  starving  cats  show  a  loss,  within  thirteen 
days,  of  30  per  cent,  of  the  muscle  volume,  and  in  slow  starvation  a 
still  greater  atrophy  is  possible.  Gaglio  experimenting  with  the  gas- 
trocnemii  muscles  of  frogs  found,  at  the  end  of  a  year,  a  loss  of  85  per 
cent,  in  volume,  the  atrophy  being  not  so  great  in  the  heart.  It  must 
be  borne  in  mind  that  muscles  are  not  alone  organs  of  motility,  but  are 
also  storehouses  for  proteids,  carbohydrates,  etc.  Inanition  shows  an 
affinity  for  the  sarcoplasm,  and  then  for  the  fibrils,  the  nuclei  remaining 
unaffected.  The  narrow  protoplasmic  fibers  are  primarily  involved, 
the  wider  later  and  to  a  less  extent. 

The  pathological  anatomy  shows  three  stages;  a  stage  of  narrowing 
of  the  fibers,  a  stage  of  clouding  of  the  muscle  substance,  and  a  stage 
of  small-celled,  and,  later,  of  large-celled  infiltration  of  the  contractile 
substance.  These  greatly  resemble  fatty  degeneration,  yet  staining 
shows  no  true  fat. 

In  human  beings,  inanition  is  always  combined  with  a  febrile  toxemia, 
which  in  itself  exerts  a  selective  action  on  muscles.  Experiments  on 
f asters  show  a  marked  muscular  wasting. 

Influence  of  Stretching  and  Constant  Pressure.  Many  experimenters 
have  shown  the  existence  of  muscular  atrophy  after  overstretching. 
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Kramer  placing  an  inflated  bag  under  muscles  produced  a  wasting  of 
25  per  cent,  in  eight  days.  This  accounts  for  the  atrophy  of  the  deep 
spinal  muscles  on  the  convex  side,  seen  in  cases  of  extreme  scoliosis; 
also  the  atrophies  in  club  feet,  etc.  When  a  muscle  is  diseased,  the 
deleterious  effect  of  overstretching  becomes  more  evident,  as  seen  in 
the  quadriceps  wasting  in  arthritis  of  the  knee-joint,  where  there  is 
extreme  flexion  of  the  leg. 

Constant  pressure  on  a  muscle  exerts  a  similarly  baneful  influence. 
In  this  case  there  results  a  local  ischemia,  interfering  with  metabolism, 
and  also  with  function.  The  application  of  electricity  will  prevent 
the  atrophy. 

Clinical  Symptoms  of  Muscular  Atrophy. — These  are  initially  weakness 
and  atony.  The  muscles  feel  soft  and  doughy  and  a  diminution  of 
volume  becomes  apparent,  but  pain  and  local  tenderness  are  only  found 
where  complications  exist,  and  when  the  atrophy  is  very  rapid. 

The  atrophy  may  be  local  or  diffuse,  the  extensors  commonly  being 
the  more  affected.   Loss  of  function  and  muscular  wasting  run  parallel. 

In  the  early  stages,  electrical  examination  shows  a  normal  or  even 
an  increased  irritability.  Later,  depending  upon  the  intensity  of  the 
disease  process,  the  irritability  diminishes  steadily,  and  in  severe  cases 
may  be  abolished.  Qualitative  changes,  partial  or  complete  reflex 
degeneration,  are  found  only  where  the  lower  motor  neurone  is  also 
involved.  An  exception  to  this  rule  may  occur  in  cases  of  cerebral 
atrophy.  Pettina,  in  a  case  of  Jacksonian  epilepsy,  found  an  increase 
of  indirect  galvanic  and  faradic  irritability,  and  a  diminution  of 
direct  muscular  irritabilit}'.  Myotatic  irritability  is  increased  and 
idiomuscular  bundles  are  commonly  observed. 

We  shall  now^  consider  under  separate  heads  the  varieties  of  muscular 
atrophy. 

Constitutional  Disease  as  a  Cause  of  Muscular  Atrophy. — The 

constitutional  diseases  w-hich  may  be  causative  of  muscular  atrophy 
are: 

1.  Acute  or  subacute  infectious  diseases,  such  as  typhoid,  cholera, 
septicemia,  pyemia;  but  exclusive  of  diseases  combined  wdth  multiple 
neuritis,  such  as  diphtheria.  Some  include  here  trichinosis.  A  symp- 
tomatic myositis  is  found  in  these  cases. 

2.  Chronic  febrile  diseases  such  as  malaria,  tuberculosis,  etc.  In 
these  regional  atrophy,  especially  of  the  thoracic  muscles,  is  common. 

3.  Chronic  cachectic  diseases  producing  inanition,  such  as  senile 
involution;  chronic  digestive  diseases,  and  malignancy. 

4.  Exogenous  intoxications,  such  as  lead,  carbon  dioxide,  etc.  Lead 
may  lead  to  diffuse,  widespread  atrophy. 

5.  Auto-intoxications,  pellagra,  cachexia,  riqkets,  and  Basedow's 
disease. 

Clinical  Pathology  and  Course. — In  the  third  group,  we  find  a  general 
and  equally  distributed  atrophy  with  defective  regeneration,  typified 
by  the  wasting  of  the  muscles  of  the  back  seen  in  the  senile. 

In  the  second  group,  of  chronic  febrile  states,  like  tuberculosis,  either 


Fig.  I 


PLATE  U 


Muscular  Atrophy   in  Cancerous 
Cachexia.     (Montefiore  Home.) 


Muscular  Wasting  due  to  Pott's 
Disease.     (Montefiore  Home.) 
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a  local  or  widespread  atrophy  is  found.  The  pathological  anatomy  is  a 
simple  atrophy  plus  degenerative  atrophy  plus  regenerative  changes. 
jNlyalgias  are  frequent  in  these  cases. 

In  the  various  atrophies  due  to  intoxications,  as  the  localization  and 
spread  depend  upon  the  specificity  of  the  toxin,  the  atrophy  may  be 
general  or  local.  They  are  very  often  accompanied  by  severe  myalgias. 

Arthrogenous  Atrophies. — These  atrophies  are  mainly  reflex  atrophies, 
and  all  that  has  been  said  above  applies  to  them.  Clinically  speaking, 
two  types  may  be  differentiated,  the  traumatic  form  and  the  inflam- 
matory form.  The  latter  group  may  be  acute,  subacute,  or  chronic,  and 
includes  rheumatic  gout,  arthritis  deformans,  tubercular  and  luetic 
joints.  The  clinical  picture  differs  chiefly  in  the  intensity  of  the 
atrophy  and  not  in  the  main  clinical  symptoms.  It  reaches  a  maximum 
intensity  in  ankyloses  {vide  supra). 

Pathogenesis. — The  pathogenesis  of  these  atrophies  is  still  sub  judice, 
some  authors  believing  them  to  be  due  to  immobility  others  to  delete- 
rious pressure,  others  again  to  local  hyperemia,  and  still  others  to  the 
spread,  by  contiguity,  of  the  inflammation,  while  others  again  think 
peripheral  nerve  changes  are  responsible,  and  report  such  present. 
Later  observations  have  failed  to  corroborate  this.  In  tubercular 
joints  the  local  toxic  anemia  of  the  muscles  was  long  held  responsible 
for  the  wasting,  but  experimental  injections  of  irritants  did  not  produce 
the  characteristic  wasting,  and  the  beneficial  results  of  electricity  and 
massage  are  not  such  as  would  arise  for  a  muscle  the  seat  of  a  focal 
irritation. 

Then  the  French  school  found  that  the  atrophy  was  of  reflex  origin, 
and  due  to  changes  in  the  anterior  horn  cells.  The  mechanism  of  this 
change  was  not  clearly  understood,  some  believing  it  to  be  due  to  ^•aso- 
motor  influences,  and  others  to  a  direct  injury  to  the  ganglion  cells. 
Investigators  found  anatomical  relations  between  the  nerves  of  the  joint 
capsule  and  the  extensors  acting  upon  the  joint.  Thus  was  explained 
the  fact  that  the  extensors  were  mainly  involved  in  joint  afi'ections. 

Then  the  association  of  the  maximum  tension  within  the  joint,  and 
the  action  of  the  extensor  group  of  muscles  in  increasing  intra-articular 
tension  was  thought  to  stand  in  causal  relation  to  the  atrophy  of  these 
extensors. 

Lorenz  believed  that  the  influences  acting  are  many,  and  that  they 
act  in  various  ways. 

1.  There  may  exist  a  true  reflex  atrophy,  as  in  the  experimental 
and  traumatic  types;  also  occurring  in  some  inflammatory  conditions. 
Here,  without  limitation  of  movement,  with  minimum  joint  affection, 
a  rapid  onset  of  muscular  atrophy  takes  place,  which  under  improper 
treatment,  may  exist  after  cessation  of  the  joint  aft'ection,  or  may 
progressively  develop.  Under  proper  treatment,  in  these  cases,  the 
atrophy  can  be  made  to  disappear  entirely. 

2.  In  chronic  purulent  or  fungoid  arthritis  the  inflammation  may 
be  spread  by  contiguity,  and  may  directly  involve  the  neighboring 
muscles,  causing  degenerative  changes  in  them. 
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3.  In  ankylotic  states,  or  those  in  a  stationary  condition,  marked 
with  only  partial  ankylosis,  an  inactivity  atrophy  of  slower  develop- 
ment occurs. 

Symptoms. — The  clinical  picture  of  arthrogenous  atrophy  may  be 
summed  up  briefly.  The  initial  symptom  is  a  feeling  of  weakness,  or 
an  actual  paresis  of  the  affected  limb.  The  muscles  feel  soft  and  flabby; 
the  muscle  tone  is  diminished,  the  normal  contour  is  changed,  and  a 
partial  contracture  is  produced. 

This  condition  has  been  variously  spoken  of  as  muscle  collapse,  or 
psj^chic  impotency  of  the  muscle.  Sensory  changes  are  rarely  present. 
Actual  changes  occur  during  the  second  week,  or  earlier,  depending 
on  the  severity  of  the  joint  affection.   This  atrophy  advances  rapidly. 


Fia.  11 


Muscular  utiophy  in  spondylitis  deformans.    Note  extreme  rigidity  and  the  marked  atrophy  of  the 

pelvic  and  thigh  muscles.    (Montefiore  Home.) 


Its  time  of  maximum  severity  is  variable,  and  may  occur  even  after 
the  joint  condition  has  passed  away,  or,  as  in  inflammatory  cases, 
during  the  latter  days  of  the  disease.  The  extensors  are  first  involved, 
and  a  flattening  is  soon  visible.  In  arthritis  of  the  knee-joint,  the 
quadriceps,  especially  the  vastus  internus,  is  involved;  in  the  shoulder, 
the  deltoid  and  scapular  muscles  are  chiefly  affected.  There  are  no 
evidences  of  pain  nor  local  tenderness  in  the  muscles;  electrical  changes, 
however,  are  found  in  the  shape  of  diminished  faradic  irritability, 
at  times  diminution  of  irritability  to  galvanism.  In  individuals  with 
neuropathic  taint,  however,  the  atrophy  may  spread  beyond  the 
usual  confines.  At  this  time  contractures  may  be  found,  especially  in 
tender  joints  where  spasms  de  defense  exist.    These  spasms  may  be 
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Fig.  12 


intermittent  or  continuous,  and  shortening  of  the  muscles  may  occur. 
Permanent  contractures  occur  only  in  chronic  cases. 

Course. — The  course  of  the  disease  depends  on  the  severity  of  the 
pathological  process,  and  recovery  may  be  astonishingly  rapid  where 
the  disease  is  not  of  long  standing.  In  the  latter  case  there  exists  a 
tendency  toward  further  progress,  and  the  atrophy  remains  localized 
with  the  exception  that  the  antagonists  may  also  be  involved. 

In  the  chronic  forms  a  progressive  muscular 
atrophy  may  be  simulated,  as  in  cases  of  spon- 
dylitis deformans,  and  arthritis  deformans, 
which  I  have  personally  observed.  Here  the 
clinical  picture  resembled  very  closely  that  of 
an  advanced  progressive  muscular  atrophj'. 
Similar  changes  have  been  observed  in  chronic 
gout.  Cornillon  found  atrophy  of  both  deltoids, 
and  of  the  extensors  of  the  fingers,  interossei, 
thenar,  and  hypothenar  muscles  with  flexor 
position  of  the  terminal  phalanges  of  the  hands. 
Curschmann,  in  a  juvenile  arthritis  deformans, 
found  atrophy  of  the  hand  muscles,  also  arm 
and  shoulder  atroph}',  resembling  an  Erb  palsy. 
Dejerine  reports  cases  like  a  myopathy ;  Rummo, 
an  Aran-Duchenne  picture.  Extensive  atrophy 
occurs  mainly  in  children.  Moristin  speaks  of 
a  dystrophy  arthropathique;  Achard  and  Levi 
found  secondary  atrophy  of  the  upper  motor 
neurones  (Figs.  11  and  12). 

Treatment. — The  treatment  must  obviously 
be  based  upon  the  nature  and  cause  of  the 
underlying  morbid  process.  Le  Fort  emplo;>'ed 
weak  permanent  currents;  in  severe  cases  con- 
tinuously, day  and  night,  in  milder  cases,  only 
at  night.  He  noted  marked  improvement  from 
the  second  to  the  fourth  week.  Faradism  plus 
galvanism,  i.  e.,  galvanofaradization,  is  still 
more  efficacious.  The  most  important  factor 
in  therapy  is  the  early  establishment  of  mus- 
cular action,  partly  by  means  of  electricity, 
and  partly  by  massage  and  by  resistance  move- 
ments.  In  recent  cases  cure  is  fairly  certain  if 

the  patient  contributes  voluntary  movements.  Writers  disagree  as  to 
which  of  the  several  agents — electricity,  massage,  or  active  move- 
ments— is  the  most  efficacious.  When  atrophy  has  developed,  and 
the  arthritis  has  ceased,  energetic  massage,  and  resistance  movements 
are  of  great  value.  In  extreme  or  old-standing  cases  no  treatment 
avails. 

Muscular  Atrophy  after  Accident. — In  takiiig  up  this  subject  at 
this  time,  we  have  to  bear  in  mind  the  clinical  resemblance  between 


Same  patient  as  Fig.  11. 
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this  type  of  atrophy  and  arthrogenous  atrophy.  The  diffuse  type  will 
be  taken  up  again  later  in  the  study  of  progressive  inuscular  atrophy. 

In  the  diffuse  type,  as  is  common  in  otJier  nijuries,  such  as  trau- 
matic pneumonia,  there  is  little  or  no  evident  injury  to  the  parts. 
Charcot  speaks  of  this  form  as  the  abarticular  type  of  atrophy, 
and  Lemcke,  as  a  traumatic  insufficiency.  A  patient  has  a  trivial 
trauma  to  the  knee,  and  we  notice  after  a  time  a  progressive  wasting 
of  the  quadriceps  femoris.  Immediately  after  the  injury,  nothing  is 
apparent,  and  the  knee  is  freely  movable,  but  after  a  few  da}'s  weak- 
ness develops,  the  muscle  atrophies,  following  the  same  clinical  course 
as  in  the  arthrogenous  type;  the  muscle  becomes  soft  and  flabby,  and 
then  atrophy  becomes  evident.  The  loss  of  function  is  never  complete. 
Electrically  one  finds  a  diminution  of  faradic  irritability.  Hydrops 
of  the  knee  is  often  present.  In  Charcot's  case  there  was  a  trauma, 
with  overstretching  of  the  quadriceps,  b}^  a  fall  on  the  knee.  In 
Riedinger's  case,  a  similar  injury  resulted  in  a  flail-joint. 

A  reflex  atrophy  is  here  improbable,  because  the  inflammatory 
changes  are  so  inconsiderable  as  to  be  negligible,  and  there  is  very 
little  limitation  of  joint  motility,  and  the  muscles  show  no  inflam- 
matory changes.  Nevertheless  a  rapid  atrophy  follows,  which  Ballet 
and  Bernard  called  an  atrophy  en  masse. 

Desnos  and  Barie  found  a  general  atrophy  of  the  entire  limb  in 
one  case.  Picque  found  extensive  atrophy  after  a  superficial  injury. 
Rummo,  in  1898,  after  a  fracture  of  the  clavicle  and  olecranon  found 
an  atrophy  of  the  Aran-Duchenne  type,  which  some  authors  believe 
to  be  not  uncommon. 

The  clinical  picture  is  a  flattening  of  the  muscles,  diminished  elec- 
trical irritability,  atony  indicating  a  loss  of  gross  motor  power,  and 
diminution  or  loss  of  the  volitional  power. 

In  neuropathic  individuals,  suffering  much  pain,  the  loss  of  function 
can  be  partly  accounted  for. 

Quillain  found  bilateral  atrophy,  and  in  Jolly's  case  there  was  a 
preexisting  poliomyelitis. 

It  must  here  again  be  noted  that  in  growing  children  there  is  a 
greater  liability  to  extensive  muscular  wasting.  In  the  localized  forms 
the  trauma  causes  more  or  less  destruction,  or  injury  to  muscle  fibers, 
the  amount  of  atrophy  being  proportionate  to  the  amount  of  local 
injury. 

In  this  group  we  must  include  the  pressure  atrophies,  and  the 
occupational  pressure  atrophies.  These  will  be  discussed  in  the 
chapter  on  the  occupational  diseases. 

Treatment. — The  treatment  of  the  diffuse,  and  of  the  localized  forms, 
is  similar  to  that  of  the  arthrogenous  forms;  but,  in  addition,  strychnine 
may  be  given  hypodermically  in  cases  in  which  the  wasting  is  wide- 
spread or  of  long  standing.  The  details  of  treatment  will  be  found 
under  the  heading  of  the  muscular  atrophy  of  spinal  type. 

I  desire  briefly  to  call  attention  to  muscular  atrophy  following 
bone  and  tendon  injury;  (])  such  as  is  seen  in  fractures  where  the 
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mechanism  is  complex,  and  many  factors  are  responsible  for  the 
wasting;  (2)  after  tenotomies,  where  atrophy  follows  a  brief  hyper- 
trophy; ^^nd  (3)  muscular  atrophy  after  amputations. 

Here  tlie  treatment  is  along  the  lines  already  outlined  for  inactivity 
atrophies. 

Muscular  Atrophy  following  Overexertion.  —  In  considering  this 
group  of  muscular  atrophies,  we  exclude  the  atrophies  following 
occupational  neuroses,  and  occupational  paralyses  due  to  pressure. 

Gessler  has  described  the  clinical  course  of  this  group.  It  begins 
with  paresthesia,  and  cramp-like  and  paretic  seizures.  It  is  usually 
confined  to  certain  groups  of  muscles,  has  no  tendency  to  spread,  no 
objective  sensory  disturbances,  and  the  nerves  are  found  to  be  normal. 
These  cases  are  distinguished  by  their  rapid  cure  under  proper  treat- 
ment. 

In  overexertion  of  muscles  one  would  expect  an  hypertrophy.  This 
is  what  does  occur  at  first;  yet  the  h;ypertrophied  muscles  are  more 
easily  fatigued  or  exhausted  than  normal  muscles,  and  diminished 
regeneration  takes  place. 

Treatment. — The  treatment  is  cessation  of  the  overexertion,  moder- 
ate massage  and  passive  movements,  galvanic  cathodal  application 
of  mild  currents,  or  mild  galvanofaradic  currents. 

Cerebral  Muscular  Atrophy. — This  form  of  atrophy  is  generally 
regarded  as  uncommon.  Yet  anj^one  who  has  seen  many  cerebral 
diseases,  especially  hemiplegias,  knows  that  it  is  not  an  infrequent,  but 
a  fairly  constant  symptom.  Charcot,  among  many  others,  noted  its 
repeated  occurrence  especially  in  old  cases,  and  thought  it  due  to 
inactivity.  Some  years  ago  I  showed  a  case  of  this  extensive  early 
atrophy.  Early  cases,  where  no  secondary  spinal  changes  exist,  are 
of  the  greatest  interest. 

This  type  of  atrophy  follows  lesions  in  various  parts  of  the  cerebrum. 
It  is  improbable  that  there  is  a  definite  cerebral  trophic  centre.  Some 
observers,  however,  attribute  this  trophic  influence  to  the  thalamus, 
others  to  the  Rolandic  area,  others  again  to  a  general  cerebral  influence. 

Von  Monakow  has  laid  stress  upon  the  circulatory  disturbances  due 
to  disease  of  the  lenticulo-optic  or  the  Sylvian  artery.  A  cortical 
origin  would  explain  the  excessive  atrophy  seen  in  focal  Jacksonian 
epilepsies  of  the  motor  area. 

The  extensive  atrophy  found  in  infantile  cerebral  palsy  affecting 
muscle,  bone,  and  subcutaneous  tissue  cannot  be  classified  here,  as  in 
these  cases  a  lack  of  development  is  mainly  responsible.  Another 
group  not  to  be  included  are  the  atrophies  seen  in  general  paresis,  as 
here  spinal  and  neuritic  changes  also  occur. 

Pathology. — The  pathogenesis  is  obscure  and  various  explanations 
have  been  proposed.  By  some  it  is  said  to  be  due  to  an  atrophy  of  the 
contralateral  ganglion  cells  of  the  anterior  horns  arising  from  pyramidal 
tract  degeneration.  While  this  is  undoubtedly  true  of  the  old  cases, 
no  such  changes  can  be  expected,  nor  found  in  the  recent  ones,  as 
the  degeneration  of  the  pyramidal  tracts  at  this  time  is  inconsiderable. 
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Others  believe  it  to  be  due  to  a  dynamic  change  in  the  anterior  horn 
cells  which  only  later  show  microscopic  alterations;  but  this  has  been 
disproved. 

It  cannot  be  an  inactivity  -dtrophy,  because  it  appears  too  early  in 
some  cases;  or  appears  after  resumption  of  activity  in  other  cases, 
and  progresses  in  spite  of  activity. 

The  role  it  plays  in  older  cases  is  marked  by  other  complications 
such  as  overlooked  arthropathies  which  develop  insidiously  without 
distinct  subjective  symptoms. 

Some  have  assumed  a  cerebral  trophic  centre,  others  an  involvement 
of  the  sensory  pathways,  and  still  others  believe  the  origin  to  be  vaso- 
motor, and  due  to  the  inhibitive  influence  of  the  spinal  vasomotor 
centres.  In  support  of  this  contention  they  point  to  the  vasomotor 
symptoms  found  in  the  paralyzed  extremities  accompanying  cases 
of  early  atrophy.  Others  believe  it  to  be  due  to  a  defective  spinal 
autonomy;  and  so  on,  endlessly. 

At  present,  it  may  be  said  that  the  late  forms  are  of  spinal  origin, 
that  the  early  forms  are  due  to  a  diminution  of  the  muscle  tone,  but 
that  the  majority  of  cases  cannot  be  explained. 

Symptoms. — Clinically  this  type  resembles  the  arthrogenous.  It  may 
appear  as  early  as  the  third  day,  and  at  any  time  up  to  eight  weeks 
in  the  early  forms.  In  the  late  forms  the  early  contracture  gives  way 
to  flaccidity. 

It  begins  proximally,  as  a  rule,  and  spreads  to  the  periphery.  The 
upper  extremity,  which  is  more  under  cerebral  control,  suffers  earlier 
and  more  severely;  most  markedly  about  the  shoulder-joint,  especially 
the  supra-  and  infrascapular  muscles  and  the  deltoids,  the  capsule  of 
the  joint  becoming  loosened.  The  pectorales  are  less  involved.  The 
upper  arm  may  atrophy  2  to  4  cm.,  the  forearm  1^  to  2  cm.  Similar 
figures  are  applicable  to  the  lower  extremities.  In  rare  cases  the  lower 
extremities  alone  are  involved.  V.  Bechterew  found  in  a  pons  lesion  an 
early  atrophy  of  the  leg  only.  Some  have  seen  atrophy  e?i  masse.  The 
atrophy  affects  muscles  functionally  related.    Pain  is  rarely  present. 

Early  atrophy  is  found  with  loss  of  muscular  sensibility  and  astere- 
ognosis,  yet  no  decided  sensory  changes  need  be  present.  Aside  from  a 
diminution  of  electrical  irritability,  the  reactions  are  normal ;  fibrillation 
is  rare;  myotatic  irritability  is  increased,  and  the  tendon  reflexes  and 
deep  reflexes  are  exaggerated.   The  progress  of  the  atrophy  is  limited. 

Treatment. — The  therapy  is  the  same  as  in  the  case  of  arthrogenous 
wasting. 

Myositis  Ossificans. — There  are  two  types  of  this  affection — a  local- 
ized and  a  general  multiple  and  progressive  variety,  the  two  forms 
being  distinctly  different. 

Localized  Form. — We  shall  first  take  up  the  localized  form.  In  this 
type  we  exclude  secondary  ossification,  with  a  starting  point  in  the 
bone  or  periosteum,  such  as  one  finds  commonly  in  the  neighborhood 
of  spontaneous  fractures,  especially  of  tabetic  origin,  i.  e.,  osteitis 
proliferans  progressiva. 
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The  localized  form  is  mainly  traumatic,  due  either  to  spontaneous 
muscular  rupture,  or  to  direct  external  violence,  or  it  may  result  from 
repeated  trauma  oF  lesser  instensity  —  the  so-called  exercise  nodules. 
It  is  characterized  by  local  inflammatory  changes  resulting  in  muscular 
nodes,  which  later  ossify.  The  persistent  or  repeated  irritations  can 
easily  account  for  the  bony  development,  but  in  the  acute  form  we 
must  look  to  the  irritation  due  to  the  presence  of  hematoma;  the 
muscular  activity  constantly  aggravating  the  pressure  exerted  by 
the  hematoma.  To  explain  its  infrequency,  we  must  assume  that  the 
individual  is  predisposed  to  such  bony  metaplasia. 

The  localized  form  is  often  seen  in  soldiers,  hostlers,  football 
players,  etc. 

The  origin  of  the  bone  is  a  metaplasia  of  the  interfibrillary  connective 
tissue.  The  individual  suffers  a  trauma,  a  hematoma  develops,  and 
there  is  local  tenderness  and  pain.  These  subside,  leaving  a  feeling  of 
tenseness  in  the  muscle  and  in  three  to  four  weeks  later  a  bony  nodule 
appears.  The  process  is  limited,  partial  absorption  is  possible,  and  a 
stationary  condition  results. 

The  treatment  is  surgical,  and  if  a  bony  connection  exists,  a  careful 
dissection  from  the  bone  is  necessary. 

Progressive  Form. — Myositis  ossificans  multiplex  progressiva  is  a 
multiple  inflammatory  process,  progressive  in  character,  affecting 
the  muscular  system,  and  occurring,  in  the  great  majority  of  cases, 
in  youthfid  individuals.  Its  origin  may  date  from  the  first  month  of 
life,  or  from  any  time  up  to  fifteen  years  of  age. 

Etiology. — The  etiology  is  obscure.  The  disease  is  congenital,  non- 
hereditary,  and  is  seen  in  individuals  with  a  predisposition  to  calcifica- 
tion. The  proof  of  its  congenital  origin  lies  in  its  very  early  develop- 
ment, its  symmetry,  its  similarity  in  various  cases,  and  its  frequent 
and  almost  pathognomonic  association  with  microdactyly.  The  bony 
deposits  occur  in  the  intra-  and  intermuscular  connective  tissue,  and 
in  the  fascia. 

Symptoms. — The  clinical  picture  is  typical.  A  local  inflammatory 
change,  usually  due  to  trauma,  marks  the  first  stage.  A  firm,  painful 
mass  appears  in  the  muscles.  Occasionally  slight  fever  and  local 
edema  and  redness  exist  about  this  mass.  In  brief,  the  picture  is  that 
of  a  local  myositis  of  varying  intensity.  These  accompanying  symp- 
toms soon  disappear,  but  the  mass  persists,  resembling  in  adults  mus- 
cular rheumatism.  In  this  condition  it  may  remain  for  a  reasonable 
length  of  time,  or  else  there  may  be  a  more  rapid  and  diffused  spread 
in  the  early  stages.  These  masses  are  scattered,  they  spread,  and 
later  coalesce,  until  a  considerable  portion  of  the  muscle  becomes 
involved.  Their  consistency  varies  from  that  of  a  doughy  to  a  bony 
hardness,  but  not  all  become  bony;  their  size  and  shape  vary  very 
greatly.  The  various  masses  fuse  together,  and  unite  with  the  bones, 
and  a  marked  impairment  of  mobility  results. 

The  muscles  most  frequently  affected  are  those  of  the  neck  and  back, 
and  in  all  cases  the  deep  spinal  muscles  are  involved  sooner  or  later. 
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Fascite  and  bands  and  ligaments  are  included  in  the  bony  proliferation, 
the  scapulffi  become  agglutinated,  and  the  head  Ijecomes  fixed.  The 
upper  extremities  are  usually  involved  before  the  lower,  the  raasseters, 
and  temporals  may  be  affected,  interfering  with  mastication,  and  the 
patient  may  ultimately  become  as  stiff  as  a  block  of  marble.  The 
failure  to  implicate  the  muscles  of  the  face,  eye,  tongue,  pharynx, 
larynx,  diaphragm,  heart,  perineum,  genitalia,  and  sphincters  is  char- 
acteristic. In  the  early  stages  there  is  a  diminished  faradic  response. 
Reaction  of  degeneration  is  rarely  present.  The  urine  shows  dimin- 
ished excretion  of  phosphates  and  lime  salts. 

The  disease  has  a  very  characteristic  course,  requiring  years  for  its 
full  development,  during  which  time  remissions  and  exacerbations  occur. 

Treatment. — Efficacious  treatment,  as  is  evident  from  the  description 
of  the  disease,  is  naturally  very  limited. 

Baths  and  iodides  have  some  influence  in  the  early  stages.  When 
ossification  is  present  they  are  of  no  avail. 

Prophylaxis  is  very  important.  There  must  be  a  careful  avoidance 
of  injury  to  the  unaffected  muscles,  which  in  children  is  naturally  a 
very  difficult  matter. 

Surgical  treatment  is  follow^ed  by  similar  changes  in  the  scars,  and, 
except  for  jaw  fixation,  such  treatment  ought  to  be  avoided.  In  some 
cases,  total  extirpation  of  the  temporal  muscles  has  been  practised. 
Pollard  and  von  Eiselsberg  removed  bony  plaques  wdth  fair  results. 

Dermatomyositis. — Etiology. — This  is  an  infectious  disease  due  to 
toxemia  by  microorganisms,  possibly  gregarinidse.  It  is  a  very  severe 
malady  with  a  mortality  of  about  50  per  cent. 

Symptoms.— It  begins  with  prodromata — general  malaise,  headache, 
increasing  general  pains,  and  stiffness  of  the  muscles  of  the  back. 
Usually  the  onset  is  slow.  A  fairly  high  fever  soon  develops,  and  with 
it  the  characteristic  edema  of  the  eyelids  and  face.  In  time  the  pains 
become  more  localized,  and  the  extremities  show  edema  and  the  char- 
acteristic dermatitis — erythematous,  erysipelatous,  or  urticarial  rash 
spreading  by  continuity,  steadily  or  in  bounds,  until  a  very  large  sur- 
face of  the  body  becomes  affected.  The  face,  legs,  and  trunk  look  mis- 
shapen, and  the  edema  is  firm,  and  does  not  pit  on  pressure.  The  body 
of  the  muscle  is  involved,  but  the  disease  avoids  the  joints,  especially 
those  of  the  hands  and  feet. 

The  muscular  pains  are  very  severe,  and  are  increased  by  the 
slightest  movement,  compelling  the  patient  to  be  helpless  in  bed.  Fever 
is  remittent.  The  spleen  is  markedly  enlarged,  and  perspiration  is 
profuse.  The  superficial  edema  masks  the  muscles,  rendering  palpation 
futile.  Nevertheless,  there  exists  a  decided  swelling  of  the  muscles. 
Every  spread  of  the  disease  is  accompanied  by  a  rise  of  temperature. 
The  muscles  of  the  rump  and  the  respiratory  muscles  are  regularly 
involved;  the  intercostals,  diaphragm,  and  even  the  pharyngeal  and 
laryngeal  muscles  are  afl^ected.  As  a  result  the  patient's  state  soon 
becomes  critical,  and  d<?ath  by  suffocation  or  insufflation  pneumonia 
ensues;  or  there  may  be  marked  remissions  followed  by  exacerbations, 
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and  the  disease  may  last  for  months.  Considerable  atrophy  takes 
place  in  these  last  cases.  There  are  considerable  variations  in  the 
course  of  the  disease,  and  in  the  severity  of  the  individual  symptoms. 

The  constant  signs  are  the  characteristic  edema,  the  localized  swell- 
ings, the  rash,  and  the  limitation  of  movement.  The  patient,  when 
the  disease  is  fairly  developed,  looks  typhoidal.  In  severe  cases  men- 
ingeal symptoms  may  arise.  Pain,  local  tenderness,  and  paresthesia 
exist,  but  no  nerve  tenderness,  and  no  objective  sensory  disturbance. 

Diagnosis. — A  case  once  observed  is  never  forgotten,  nor  can  the 
disease  be  even  mistaken.  Notwithstanding  this,  the  resemblance 
between  it  and  infectious  myositis,  metastatic  abscesses,  and  septico- 
pyemia must  be  borne  in  mind.  Trichinosis  also  bears  a  resemblance, 
but  here  the  intestinal  symptoms,  and  the  finding  of  the  trichinae  in 
the  muscles  serve  to  differentiate.  The  course  of  the  dermatomyositis 
may  be  acute,  subacute,  or  chronic,  lasting  respectively  one  to  eight 
weeks,  two  and  a  half  to  six  months,  and  one  and  a  half  to  two  and 
a  half  years. 

Treatment. — The  therapy  is  naturally  limited.  First  and  foremost 
one  must  bear  in  mind  that  this  is  an  infectious  disease,  a  toxemia, 
and  treatment  by  elimination  is  of  first  and  early  importance.  There- 
after the  case  must  be  handled  like  a  typhoid,  as  to  feeding,  general 
hygiene,  etc.  Hydriatic  measures,  such  as  Pressnitz  compresses  are 
very  useful  locally.  The  respiratory  embarrassment  must  be  foreseen, 
and  measures  instituted  to  guard  against  such  a  complication.  Among 
the  drugs  employed,  sodium  salicylate,  antipyrine,  and,  especially  in 
long  cases,  sodium  iodide  and  thalline  have  been  praised;  but  these 
drugs  are  merely  agents  which  will  fail  us  in  severe  cases. 

Primary  Myopathy. — A  progressive,  primary,  usually  hereditary 
disease  of  the  muscular  system,  in  which  the  muscles  gradually  weaken 
in  a  distinctive  manner,  and  in  which  atrophy  and  hypertrophy^  and 
pseudohypertrophy  coexist  with  fatty  infiltration  of  the  muscles. 

The  various  types  that  have  been  described  are  clinical  entities  only, 
depending  on  different  localization,  and  upon  the  predominance  of 
atrophy  or  hypertrophy.  The  presence  of  both  atrophy  and  hyper- 
trophy, the  course  of  the  disease,  the  absence  of  other  symptoms,  the 
electrical  reactions,  the  existence  of  transitional  cases,  and  the  presence 
of  several  types  in  the  same  family  go  to  prove  the  essential  identity 
of  all.  The  other  symptoms  common  to  all  are  the  rarity  of  fibrillary 
twitching  and  of  reaction  of  degeneration.  The  electrical  reactions 
are  at  first  normal,  but  diminish  steadilv,  until  thev  are  finallv  lost. 
Contractions  are  sluggish,  and  the  amplitude  of  the  galvanic  curve  is 
diminished.  The  tendon  reflexes  and  the  myotatic  irritability  slowly 
decrease  and  later  disappear.  The  Achilles  jerk,  however,  persists  for 
a  very  long  time.  Sensation  is  intact,  and  the  sphincters  are  very 
rarely  affected.    The  sensorium  is  clear  and  dysphagia  is  extremely  rare. 

Contractures,  due  chiefly  to  shortening  of  the  muscles  and  tendons, 
are  very  apt  to  develop.  These  contractures  are  of  varying  degree, 
and  may  become  extreme,  permitting  no  movement,  even  under 
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narcosis.  They  ■  are  not  similar  to  those  descriljcd  before,  because 
both  synergist  and  antagonist  are  degenerated  and  paralyzed,  and  yet 
contracture  may  be  extreme,  nor  are  they  due  to  difference  in  time 
of  paralysis,  because  extreme  contracture  has  been  found  with  fairly 
functioning  muscles,  and,  moreover,  flail-joints  are  not  uncommon. 

Bone  dystrophy  also  occurs,  i.  e.,  an  abnormal  thinness,  of  the  long 
bones  especially.  The  skull  and  vertebrae  are  less  frequently  involved. 
Bulging  foreheads,  broad  flat  noses,  bad  teeth,  clubbed  fingers,  short 
hands  and  feet,  knock-knees,  flat-feet,  funnel-shaped  thorax,  pes  equinus 
and  equinovarus,  claw-feet,  marked  lordosis — any  of  these  may  be 
present,  and  the  deformity  may  be  extreme. 

The  disease  occurs  in  early  or  late  childhood,  at  puberty,  less  fre- 
quently between  puberty  and  forty,  but  later  is  very  rare.  It  is  essen- 
tially familial,  two  or  more  members  of  a  family  being  usually  affected. 
Parents  are  commonly  normal,  and  females,  w'hile  transmitting  the 
disease  to  their  male  offspring,  are  as  a  rule  not  themselves  involved. 

Symptoms. — The  symptoms  develop  insidiously.  Where  the  pelvic 
thigh  muscles  or  the  deep  extensors  of  the  back  are  involved  early  in 
the  course  of  the  disease  the  gait  becomes  wabblj''  and  slow,  rising  is 
difficult,  and  climbing  stairs  still  more  laborious.  The  action  of  the 
patient  on  rising  from  the  floor  is  typical,  and  once  seen  never  for- 
gotten. The  disease  may  be  very  widespread  or  localized,  depending 
upon  the  type.  The  proximal  movements  are  mainly  affected,  the 
distal  less  so.  The  pathological  changes  occurring  in  the  muscles — 
whether  atrophy,  hypertrophy,  or  pseudohypertrophy  predominates 
— determine  their  volume  and  shape,  and  give  a  characteristic 
appearance  to  each  type. 

The  disease  is  best  described  by  types: 

1.  The  pseudohypertrophic,  occurring  chiefly  in  early  childhood  in 
the  proportion  of  3  males  to  1  female.  Transmission  is  through  the 
mothers  to  the  males,  the  parents  being  free.  It  involves  the  pelvis, 
deep  lumbar  muscles,  thighs,  calves,  and  is  characterized  by  marked 
pseudohypertrophy  in  certain  muscles — as  the  deltoids,  glutei,  and 
calf  muscles — ^with  atrophy  of  back,  abdomen,  and  upper  extremities, 
marked  lumbar  lordosis,  tilted  pelvis,  and  winged  scapulae. 

2.  Juvenile  form  (Erb).  This  develops  at  puberty  or  in  middle  age, 
with  special  and  early  involvement  of  the  shoulder  girdle — weakness, 
then  atrophy,  then  paralysis.  Lower  extremities  only  iuA-olved  later. 
Arms  more  involved  than  forearms.  At  times  real  hypertrophy,  or 
pseudohypertrophy  of  the  deltoid  may  occur. 

3.  Leydens  type,  in  which  the  muscular  weakness  begins  in  the 
pelvic  region. 

4.  Landouzy-Dejerine  or  facio-scapular-hinncral  type.  In  this  type 
the  atrophy  begins  in  the  orbicularis.  Then  other  facial  muscles 
become  involved,  the  facies  myopathiquc  develops — the  tapir  mouth, 
pouting  lips  that  close  badly,  fat  nose,  half-closed  lids;  later  shoulder 
dystrophy,  and  finally  general  involvement  ensues.  Thorax  deformities 
are  commonly  present. 
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5.  Zimmerlin  type,  beginning  in  the  thorax  and  forearm  muscles,  the 
lower  extremities  being  involved  only  later.  This  type  begins  at  puberty. 

6.  Congenital  dystrophy,  a  congenital  aplasia  with  secondary  dys- 
trophy. Almost  all  the  muscles  are  involved,  including  those  of  the 
face,  eyes,  tongue,  masticatory  muscles,  etc.  It  dates  from  birth,  and 
bears  a  superficial  resemblance  to  Little's  disease. 

The  fundamental  pathological  process  underlying  muscular  dystrophy, 
and  allied  diseases,  is  a  diminished  developmental  power  of  certain  body 
cells,  which  leads  to  a  degeneration  at  puberty.  It  is  possible  there- 
fore that  a  more  intensive  development  may  favorably  influence  these 
weak  elements,  and  in  the  discussion  on  treatment  this  must  be  borne 
in  mind.  I  wish  to  refer  here  to  what  I  have  previously  said  under  the 
head  of  prophylaxis. 

Treatment. — While  primary  myopathy  is  almost  universally  regarded 
as  beyond  treatment,  nevertheless,  here  and  there,  throughout  the 
literature,  well-authenticated  cases  of  cure  exist,  and  very  many  can 
point  to  cases  that  have  persisted  thirty  or  forty  years.  Cures  have 
been  reported  by  such  reliable  observers  as  Erb  and  Jendrassik.  One 
thing  is  apparent  to  all  clinicians,  namely,  that  those  who  are  con- 
fined early  to  chairs  do  far  worse  than  those  in  whom  locomotion  is 
possible.  Where  a  weakness  of  the  spinal  muscles  incapacitates  the 
patient,  proper  braces  or  supports  enabling  him  to  move  about  are 
important,  and  these  will  do  much  to  arrest  the  spread  of  the  disease. 
I  have  spoken  of  exercises  in  the  earlier  pages  of  this  chapter,  and  refer 
the  reader  to  these.  It  must  be  borne  in  mind  that  no  specific  rules 
can  be  given.  Each  case  must  be  handled  differently,  inasmuch  as 
the  muscular  involvement  difl^ers  in  degree  and  in  localization.  Walk- 
ing chairs.  Zander  apparatus,  exercises  in  baths,  are  all  very  service- 
able, the  latter  especially  in  young  children.  Massage  and  passive 
movements  are  very  beneficial.  Overexertion  must  be  carefully  guarded 
against.  Various  hydriatic  procedures,  of  a  mild  and  stimulating  sort, 
are  useful.  Better  hygienic  surroundings,  fresh  air,  wholesome  and 
nutritious  dietary,  with  special  attention  to  the  limitation  of  fat  pro- 
ducers, are  also  helpful.  Mild  galvanism,  cathodal  application,  is  also 
beneficial  (Oppenheim  saw  marked  improvement  in  2  cases  under  this 
treatment);  but  one  must  avoid  treatment  by  too  powerful  currents. 
The  use  of  various  therapeutic  agents,  such  as  the  injection  of  muscle 
extracts,  with  apparent  improvement,  is  reported  by  Allard  and  Lordeus. 
Rossolimo  found  improvement  in  a  case  after  using  thyroid  extract. 
Thymus  and  extract  of  other  glands  have  been  employed  without 
distinct  benefit. 

Where  contractures  exist,  tenotomies  have  produced  marked  pallia- 
tion, rendering  locomotion  and  limited  activity,  so  important  in  this 
condition,  possible.  Tendoplasty  and  tendon  transplantation  have 
also  been  used  with  indifferent  success,  owing  to  the  implanted  muscle 
being  already  atrophic,  or  about  to  become  so.  In  selected  cases,  I 
have  found  transplantation  to  be  of  some  service.  Shortening  of  the 
tendons  is  rarely  of  service  in  these  conditions. 
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Various  splints  may  be  employed  to  prevent  contractures,  and  to 
support  parts,  especially  in  shoulder  atropines.  Various  surgical  pro- 
cedures may  be  useful,  i.  e.,  when  the  scapulae/  are  markedly  winged, 
and  there  is  considerable  weakness  of  the  muscles  which  fix  the  scapulae, 
the  scapulae  may  be  sewed  together,  or  else  fixed  to  the  underlying 
parts.    Nerve  transplantation  naturally  is  not  to  be  considered. 

It  must  be  borne  in  mind  that  rudimentary  and  undeveloped  forms 
of  dystrophy  exist.  Here,  while  the  predisposition  is  present,  most 
likely  the  exogenous  factors  did  not  act  as  deleteriously  owing  to  greater 
bodily  resistance.  These  rudimentary  forms  of  the  disease  should 
point  the  way  to  combat  this  severe  and  intractable  condition. 

Progressive  Muscular  Atrophy. — We  have  just  discussed  the  primary 
form  of  progressive  muscular  atrophy.  There  are  two  other  main 
forms,  and  also  transitional  forms.  As  in  the  myopathies  the  familial 
character  is  conspicuous. 

The  first  form  is  spinal: 

(a)  The  non-hereditary,  adult  type  (Aran-Duchenne) . 

(b)  The  hereditary,  infantile  type  (Hoffmann-Werdnig). 
Aran-Duchenne  Type. — We  shall  first  consider  the  Aran-Duchenne — 

non-hereditary — type,  a  disease  which  rarely  occurs  before  the  twentieth 
year,  and  usually  appears  in  middle  age. 

Etiology. — The  etiology  is  obscure,  but  nevertheless  the  influence  of 
trauma,  of  exposure,  or  of  muscular  overexertion  is  very  important, 
especially  that  of  trauma,  which  gives  rise  to  a  distinct  type  of  the 
disease. 

Lues  has  been  repeatedly  found  in  the  etiology,  and  while  its  direct 
causative  influence  has  been  denied  by  various  authorities,  never- 
theless more  and  more  cases  are  appearing  in  the  literature.  I  have 
seen  a  number  of  cases  where  syphilis  appeared  to  be  the  essential 
etiological  factor  of  progressive  muscular  atrophy;  and  an  acute 
poliomyelitis  in  childhood  has  been  the  starting  point  later  in  life 
of  a  progressive  muscular  atrophy. 

The  Aran-Duchenne  atrophy  is  a  slowly  progressing  muscular  dis- 
ease. The  muscles  first  involved  are  usually  the  intrinsic  hand  muscles, 
the  opponens  pollicis,  and  the  first  interosseus;  a  flattening  soon 
occurs;  certain  movements  are  lost,  and  the  thumb  assumes  an  unusual 
attitude.  The  characteristic  feature  of  the  disease  is  that  the  atrophy 
is  preceded  by  noticeable  weakness.  Other  symptoms  are  fibrillary 
twitching,  diminution  and  loss  of  deep  reflexes,  diminished  and  altered 
electrical  reactions,  and  even  reaction  of  degeneration  may  be  present 
The  atrophy  is  bilateral  and  fairly  symmetrical,  with  little  or  no  pain. 
In  certain  cases  the  disease  begins  in  the  shoulder  muscles.  There  is 
characteristic  flattening  of  the  supra-  and  infraspinous  fossae,  and  of 
the  neck  and  of  the  cervical  spine.  Then  the  deltoids  are  involved. 
In  the  hand  type  the  spread  is  toward  the  shoulders,  and  in  the 
shoulder  type  toward  the  hand. 

Course. — The  course  of  the  disease  is  gradual— an  involvement  not  by 
contiguity,  but  by  leaps  from  the  hand  direct  to  the  shoulder.  There  are 
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long  remissions  sometimes.  Sometimes  it  appears  as  if  the  disease 
had  been  arrested.  I  have  had  such  cases  under  observation  for  ten 
years,  with  no  definite  advance.  Oppenheim  doubts  these  cases,  and 
thinks  that  they  should  be  chissed  with  chronic  anterior  pohomyehtis, 
or  with  the  occupation  atrophies.  Yet  my  cases  and  numerous  others 
reported  in  Hterature  were  neither  occupation  atrophies  nor  chronic 
pohomyelitides.  Life  is  endangered  by  paralysis  of  the  respiratory 
muscles.     Bulbar  paralysis  is  a  very  frequent  terminal  complication. 

Pupillary  changes  have  been  repeatedly  observed,  even  stiff  unequal 
pupils.  These  cases  may  be  either  luetic,  a  combination  of  the  disease 
with  tabes,  or  wholly  due  to  the  progressive  muscular  atrophy. 

The  disease  has  its  distinct  ear-marks,  and  only  rarely  is  it  difficult 
to  make  a  diagnosis.-  It  is  not  uncommonly  seen  complicating  loco- 
motor ataxia. 

Pathology. — The  pathology  is,  briefly,  a  progressive  degeneration 
of  the  ganglion  cells  in  the  anterior  horns,  in  which  the  muscular 
atrophy  is  directl}^  proportionate  to  the  change  in  the  anterior  horns. 
The  atrophy  of  the  muscles  is  due  to  a  trophoneurosis,  the  muscle 
fiber  suffering  from  a  loss  of  activity  and  loss  of  power  of  assimila- 
tion of  nutrition.  The  atrophy  has  a  segmental  distribution,  and  is 
svmmetrical. 

General  Treatment  of  Progressive  Muscular  Atrophy  (Spinal). — Medicine 
has  been  from  the  beginning  the  art  of  healing;  the  public  who  furnish 
us  with  the  schools  of  learning,  the  various  laboratories  for  research, 
gives  us  the  right  to  employ  our  art,  and  safeguards  that  right  by  laws 
regulating  the  practice  of  medicine;  this  public  has  in  mind  the  treat- 
ment no  less  than  the  prevention  of  disease.  The  physician  w^ho  honors 
the  specialist  by  calling  him  in  consultation,  as  well  as  the  patient, 
desires  information  mainly  as  to  treatment.  With  modern  laboratory 
methods,  and  modern  teaching,  the  family  physician  has  already  made 
his  diagnosis  in  the  majority  of  the  cases.  What  he  w^ants  to  know  is 
how  the  treatment,  barely  sketched  in  the  text-books  at  hand,  is  to  be 
carried  out  in  the  individual  case  of  his  own  patient,  and  w^hat  is  the 
relative  value  of  the  various  modes  of  therapy  vaguely  mentioned :  in 
short,  what  has  greater  experience  taught  the  specialist  regarding  the 
most  efficacious  method  of  handling  the  malady  of  his  patient. 

There  are  physicians  who  boast  only  of  their  skill  as  diagnosticians. 
When  it  comes  to  therapy  their  suggestions  are  as  barren  as  those 
found  in  the  most  elementary  treatises.  Indeed,  the  great  weakness 
of  the  modern  institution  of  consulting  diagnostician  is  that  for  years 
he  has  not  had  the  treatment  of  patients  under  his  immediate  charge; 
for  years  he  has  busied  himself  with  seeing  patients  only  for  a  sufficient 
time  to  make  a  diagnosis.  What  the  result 'of  any  of  his  suggestions 
as  to  treatment  has  been,  he  rarely  learns.  The  patient  very  rarely 
desires  to  see  the  same  consultant  a  second  time;  his  knowledge  has 
been  exhausted;  no  doubt  another  will  give  newer  and  better  advice. 

Of  course  it  will  be  asserted  that  the  diagnostician  obtains  his 
therapeutic  knowledge  in  the  various  hospitals  with  which  he  may 
VOL.  n — 9 
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be  connected.  But  this  pertains  to  those  in  active  service,  and  every 
one  knows  how  Httle  attention  is  paid,  as  a  rule,  by  the  visiting  phy- 
sicians of  most  hospitals,  to  tlie  details  and  the  manner  of  execution  of 
the  various  general  orders  given  by  them.  The  hospital  rounds  become 
mainly  the  demonstration  of  the  latest  or  most  unusual  symptoms  for 
the  benefit  of  the  resident  staff  or  students. 

What  I  have  said  appertains  to  a  greater  extent  in  the  treatment 
of  chronic  disorders;  in  the  vast  majority  of  which,  for  all  concerned, 
the  diagnosis  is  of  lesser  value  than  the  therapy. 

I  do  not  wish  to  underrate  the  value  of  a  correct  diagnosis;  this  is 
self-evident,  but  it  behooves  the  patient,  and  the  physician  more,  to 
know  the  best  management  of  the  case,  than  to  know  whether  or  not 
the  case  is  a  syringomyelia,  or  a  central  gliosis,  or  an  amyotrophic 
lateral  sclerosis,  or  a  Marie,  or  a  Friedreich's  ataxia.  In  fact,  so  far 
as  the  family  physician  and  the  treatment  are  concerned,  it  makes 
precious  little  difference  what  type  of  myopathy  is  at  issue. 

Of  course  it  may  be  said  that  the  therapy  ends  with  the  diagnosis. 
So  far  as  the  treatment  of  the  patient  is  concerned,  it  often  does.  It 
is  especially  in  progressive  muscular  atrophy  that  this  view  is  so  fre- 
quently advanced.  But  anyone  who  has  patiently  and  conscientiously 
treated  this  disease  knows  how  much  can  be  done  to  arrest  it  for  an 
indefinite  period,  if  not  to  effect  a  cure.  Every  neurologist  of  experi- 
ence has  had  numerous  cases  in  which,  after  treatment,  little  or  no 
progress  was  evident  during  years  and  years  of  observation. 

According  to  some  authorities,  such  a  remission  is  commonly  observed 
in  the  course  of  this  disease,  and  must  not  be  attributed  to  treatment. 
Yet,  according  to  my  experience,  and  that  of  other  observers,  improve- 
ment, in  steadily  progressing  cases,  does  result  from  treatment.  Further- 
more, when  the  treatment  is  interrupted,  over  a  long  period  of  time, 
for  any  cause,  the  disease  again  begins  to  advance,  and  can  be  checked 
once  more  by  treatment. 

While  this  course  has  not  been  invariable,  it  has  occurred  sufRcientlv 
often  to  warrant  painstaking  endeavor  on  the  part  of  the  physician. 

As  to  the  generalities:  Firstly,  I  desire  to  refer  the  reader  to  that 
part  of  the  chapter  which  deals  with  muscular  atrophy  in  general,  and 
the  causes  thereof,  and  to  the  treatment  mentioned  therein;  the  lesson 
contained  is  one  that  must  be  borne  in  mind  in  the  treatment  of  all 
atrophic  states.    Each  case  must  be  handled  according  to  its  etiology. 

The  cases  presenting  a  definite  luetic  history  must  be  handled  like 
any  other  syphilitic  disease  of  the  nervous  system.  Where  there  has 
been  insufficient  treatment  for  the  syphilis,  an  antiluetic  treatment 
ought  to  be  instituted.  Salvarsan  in  repeated  small  doses,  0.3  gram 
every  second  week  for  two  months,  then  mercurial  treatment  for  one 
or  two  courses  of  hypodermic  injections  of  bichloride,  or  salicylate,  or 
enesol.  The  doses  should  not  be  maximum  doses;  deep  injections,  gr.  \ 
of  sublimate  twice  weekly,  gr.  1  of  salicylate  once  a  week,  or  |  am- 
poule of  enesol  twice  weekly.  Should  iin])rovement  be  definite,  then  an 
intermission  can  be  allowed,  during  which  the  treatment  about  to  be 
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mentioned  can  be  carried  out.  If  a  marked  augmentation  of  the  weak- 
ness or  wasting  occurs,  owing  to  the  possible  deleterious  effect  of  the 
arsenic,  or  the  mercury  on  the  lower  motor  neurones,  then  this  form  of 
therapy  must  be  discontinued,  just  as  must  sometimes  be  done  in  the 
treatment  of  tabes  and  general  paresis. 

If  one  is  deahng  with  a  definite  traumatic  progressive  muscular 
atrophy,  the  patient  must  be  taken  away  from  occupations  where 
traumata  are  likely  to  occur.  If  seen  within  a  reasonable  time  after 
the  trauma,  and  if  the  atrophy  is  extensive  but  localized  to  the  injury, 
then  a  rest  in  bed  for  a  few  weeks,  moderate  and  not  exhausting  massage, 
or  various  other  mechanical  treatments  accessible,  ought  to  be  applied. 
Rest,  vibratory  massage,  and  electrical  massage  are  useful;  also  mild 
faradism,  cathodal  galvanism  to  the  muscle,  anode  to  the  spine.  I 
have  empirically  applied,  once  weekly,  a  counterirritant  to  the  spine, 
over  the  region  of  the  segments  supplying  the  affected  muscles — mild 
irritants,  such  as  mustard,  cantharides,  even  the  Paquelin  cautery. 
Scotch  douches,  mild  spinal  douches,  warm  baths  with  exercises  while 
in  the  water,  are  also  advisable. 

While  the  patient  is  in  bed,  a  nutritious  diet,  easily  assimilated, 
should  be  given,  although  no  special  restriction  of  the  class  of  food 
should  be  made,  a  low  purin  diet  is  preferable. 

As  to  drugs — strychnine  should  be  given  hypodermically,  according 
to  rules  about  to  be  detailed;  local  administration  is  preferable. 

In  more  advanced  cases,  the  duration  of  the  rest  in  bed  will  depend 
on  the  rapidity  of  the  atrophy.  If  rapid,  rest  is  imperative;  if  very 
slow,  adequate  rest  to  inaugurate  a  systematic  therapy  is  necessary. 
Once  the  treatment  is  started,  the  patient  remains  at  his  best  when 
kept  moderately  active.   Excess  or  overactivity  is  deleterious. 

For  those  cases  with  unknown  etiology  the  treatment  again  depends 
on  the  stage  of  the  disease.  In  early,  and  in  slowly  progressive  cases, 
where  the  atrophy  is  localized  to  one  or  both  hands,  or  shoulders,  and 
is  not  very  extensive,  the  treatment  outlined  above  for  similar  cases 
is  advisable. 

In  these  cases,  the  intensive  strychnine  treatment  must  be  instituted 
at  once.  Given  hypodermically,  strychnine  is  of  great  benefit,  begin- 
ning with  gr.  75^0  or  even  gr.  y^o^,  daily  or  at  least  three  times  weekly, 
near  the  site  of  the  atrophy.  The  dose  is  slowly  and  steadily  increased. 
A  careful  watch  for  trismus,  or  tremor,  or  other  evidence  of  strychnine 
intoxication  is  kept.  The  dose  should  remain  close  to  this  boundary 
line;  occasionally  it  must  be  increased  to  define  the  upper  margin.  My 
observation  has  been  that,  with  time,  most  patients  acquire  an  increas- 
ing tolerance  for  the  drug,  and  I  have  often  given  as  high  as  gr.  §  in  a 
single  dose  to  patients  who  have  been  taking  the  drug  for  a  very  long 
time.  The  increase  must  be  carefully  graduated,  and  the  patient 
sedulously  watched.  I  have  never  observed  dangerous  symptoms,  and 
where  trismus  and  muscular  overexcitability  have  occurred,  absolute 
rest  in  l)ed  and  quiet  sufficed  in  a  short  time  to  remove  the  untoward 
symptoms.   If  by  mistake  an  overdose  has  been  given,  then  treatment 
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for  strychnine  poisoning  must  be  instituted.  The  })hysician  bearing 
in  mind  the  frequency  of  the  injections,  must  employ  strict  antisepsis; 
iodine,  over  the  site  of  injection  has  proved  valua})le.  The  amount  of 
fluid  injected  should  be  the  least  possible  compatible  with  accuracy. 
In  the  solutions  employed  five  minims  should  equal  gr.  -^^  until  large 
doses  are  required;  then  more  concentrated  solutions  are  necessary. 
The  physician  should  not  intrust  this  solution  to  anyone.  I  have  seen 
a  nurse  mistake  it  for  the  stock  solution  for  internal  administration, 
with  unpleasant  consequences. 

For  the  rapidly  progressive  cases,  rest  in  bed  is  imperative;  the 
other  treatment  is  the  same.  The  results  are  not  as  grateful  as  in 
the  less  rapid  types;  nevertheless,  improvement  is  not  by  any  means 
uncommon. 

Thyroid  medication,  increasing  local  muscular  metabolism,  is  to 
my  mind  contraindicated,  and  I  have  never  seen  the  least  benefit 
therefrom.  Arsenic  in  combination  with  iron  and  strychnine  ma\'  be 
used  during  the  remissions.  I  have  employed  arsenical  preparations 
hypodermically,  yet  the  results  in  the  vast  majority  of  cases  have  not 
been  as  gratifying  as  with  strychnine.  In  advanced  cases,  with  con- 
siderable atrophy  and  with  flail-joints,  various  orthopedic  appliances 
are  very  useful.  In  dropped  wrists  and  dropped  fingers  a  glove-like 
apparatus  has  enabled  my  patients  to  use  their  hands  much  more 
effectually.  In  a  similar  fashion  a  shoulder  brace  has  overcome  some 
of  the  disability  due  to  an  atrophied  deltoid,  with  subluxation  of  the 
humerus.  A  skilled  orthopedic  surgeon  is  able  to  overcome  many  of 
the  disabilities  and  render  possibe  a  considerable  amount  of  exercise 
by  the  patient  himself. 

For  flaring  and  winged  scapulse,  fixation  may  be  done. 

Tendon  shortening  may  be  employed  in  very  slowly  progressive 
cases. 

Nerve  anastomosis  is  rarely  employed,  owing  to  the  probable 
involvement  of  the  centres  of  the  nerves  employed. 

Swedish  movements  and  Zander  apparatus  methodically  and 
moderately  employed,  I  have  found  useful  to  supplement  massage. 

Tobacco  and  excessive  alcoholic  indulgence  should  be  interdicted. 

Favorable  climatic  surroundings  act  as  a  general  tonic. 

Before  closing,  I  desire  to  call  attention  to  institution  treatment. 
In  fairly  advanced  cases,  and  in  early  cases,  where  there  is  a  justifiable 
suspicion  that  treatment  will  not  be  thoroughly  followed  at  home, 
cases  of  progressive  muscular  atrophy  ought  to  be  sent  to  institutions 
adapted  to  the  treatment  of  chronic  nervous  diseases.  My  results 
at  the  Montefiore  Home,  a  hospital  for  chronic  diseases,  have  led  me 
to  prefer  this  method  of  treatment  to  the  best  given  at  home.  Zander, 
hydrotherapeutic,  and  electrical  apparatus,  with  internes  and  nurses 
trained  and  adapted  to  the  requirements  of  this  therapy,  with  the  local 
regime,  the  constant  presence  of  others  benefited  by  the  same  treatment, 
all  tend  to  encourage  the  invalid,  and  to  make  him  contented  under 
the  long  and  trying  cure. 
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Above  all,  patience  on  the  part  of  both  invalid  and  physician  is 
requisite,  and  slowness  of  prof^ress  should  not  discourage  either. 

Progressive  Muscular  Atrophy  of  Infants  and  Children. — There  are 
three  main  types  of  this  atrophy: 

1.  The  Hofi'mann-Werdnig  type,  which  occurs  only  early  in  life — in 
the  first  days  or  first  months — and  terminates  after  a  varying  period 
in  death.  It  is  familial  in  character.  The  infant  has  a  complete 
flaccid  paralysis  of  all  four  extremities,  the  distal  parts  being  espe- 
cially involved.  The  muscles  are  atonic  and  flaccid.  The  atrophy  is 
masked  by  subcutaneous  fat.  The  sensorium  is  uninvolved  and  sensa- 
tion intact.  The  tendon  reflexes  are  diminished  or  absent;  reaction  of 
degeneration  is  present. 

The  pathology  consists  of  very  marked  changes  either  in  the  motor 
fibers,  in  their  intra-  and  extramedullary  course,  or  of  the  ganglion 
cells  themselves,  or  both;  slight  variations  depend  upon  which  site 
is  the  more  involved.  The  picture  resembles  an  intense  intoxication 
plus  an  abiot^oph3^ 

2.  The  second  type  is  similar  to  toxic  neuritis,  and  begins  some- 
what later  in  life — after  the  child  has  walked.  It  progresses  slowly, 
terminating  in  death  from  respiratory  embarrassment. 

The  pathology  here  is  a  toxic  degeneration  of  the  low^er  motor  neurone. 
The  onset  is  rather  sudden;  all  deep  reflexes  disappear,  incontinence 
of  urine  and  feces  is  present,  reaction  of  degeneration  develops,  and 
the  distribution  of  the  paralysis  is  more  distal  than  in  the  first  type. 

3.  The  third  type  also  begins  after  the  child  has  w^alked,  and 
progresses  steadily. 

The  pathology  is  an  extensive  chronic  myelitis,  with  atrophy  of  the 
anterior  lower  horns.  The  disease  ends  in  death.  The  picture  is  that 
of  a  chronic  diffuse  myelitis. 

The  treatment  of  the  above  conditions  is  merely  palliative. 

Chronic  anterior  poliomyelitis  bears  many  points  of  resemblance  to 
progressive  muscular  atrophy,  and  is  at  times  difficult  to  dift'erentiate 
from  it. 

A  gradual  weakness  develops  in  one  or  other  extremity ;  first  a  lower, 
next  an  upper,  or  the  other  lower,  and  then  the  other  extremities  are 
affected,  until  after  a  few  months  there  exists  a  total  paralysis  of  all 
four.  The  paralysis  picks  out  certain  muscles,  and  spares  others  with 
no  regularity,  and  no  symmetry,  and  with  usually  no  tendency  to 
distal  involvement.  A  flaccid,  atonic  paralysis,  with  abolition  of  deep 
reflexes,  and  with  reaction  of  degeneration,  and  fibrillation  develops. 
Paralyses  and  atony  precede  the  atrophy.  Sensation  remains 
normal. 

The  course  of  the  disease  may  be  stationary,  remitting,  or  inter- 
mitting, and  ending  in  death. 

The  treatment  is  similar  to  that  of  progressive  muscular  atrophy. 

The  Neuritic  Type  of  Progressive  Muscular  Atrophy  (Peroneal  or 
Charcot-Marie  Tooth  Variety). — This  begins  in  the  second  half  of 
childhood,  or  later,  even  to  the  third  or  fourth  decade,  and  is  familial 
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in  character.  It  is  usually  directly  transmitted,  hut  it  may  skip  a 
generation.    Sherrington  lias  reported  twenty -.^ix  cases  in  one  family. 

The  onset  is  slow,  atro[)hy  being  in  the  muscles  of  tlie  foot,  chiefly 
the  peroneals,  extensor  communis,  digitorum,  and  intrinsic  foot  muscles. 
Deformity  of  the  foot  soon  develops — club-foot,  varus  or  equinovarus, 
claw  toes,  and  ankylosis  or  flail-joint.  Later,  the  gastrocnemii  are 
involved.  After  years,  the  upper  extremities  are  affected.  The  thenar 
or  hypothenar  regions  and  interossei  are  attacked,  claw  hands  develop. 
The  spread  is  essentially  distal.  Fine  tremor  and  fibrillation  are  present, 
and  an  incomplete  reaction  of  degeneration.  Limited  tenderness  of 
nerve  trunks  is  the  rule,  the  knee-jerks  disappear,  and  slight  subjecti\  e 
and  objective  sensory  disturbances  in  the  peripheral  portions  of  the 
limbs  develop.   Trophic  disturbances  are  rare. 

The  treatment  is  orthopedic.  Its  results  at  times  are  fairly  success- 
ful in  diminishing  the  discomfort  of  the  disease.  For  further  details 
see  treatment  of  myopathies. 

Progressive  Bulbar  Paralyses. — There  are  two  forms  of  Progressive 
Bulbar  Paralysis:  an  extremely  rare  infantile  hereditary  form  (described 
by  Fazio  and  Londe)  resulting  in  death,  and  a  type  occurring  rarely 
before  fifty. 

This  latter  shows  a  slowly  developing  difficulty  of  speech,  swallow- 
ing, mastication,  and  phonation,  which  arises  from  and  is  dependent 
upon  a  symmetrical  paralysis  and  atrophy  of  the  lips,  tongue,  palate, 
pharynx,  larynx,  and  muscles  of  mastication. 

The  speech  difficulty  usually  occurs  first,  and  the  patient  becomes 
easily  fatigued  by  continued  talking.  The  speech  becomes  more  indis- 
tinct. At  first  the  Unguals,  later  the  labials,  are  affected  and  then 
nasal  speech  develops.  Soon  dysarthria,  then  dysphagia,  regurgitation 
of  fluids  through  the  nose,  coughing  spells  during  swallowing  appear. 
Next,  inability  to  swallow  develops,  then  mastication  is  lost,  phonation 
disappears,  and  lastly  respiratory  diflSculties  develop. 

The  pathology  is  a  progressive  degeneration  of  the  nuclei  of  the 
medulla  and  pons,  with  secondary  atrophy,  and  paralysis  of  the  parts 
supplied  by  the  nuclei. 

Atrophy,  fibrillation,  and  partial  reaction  of  degeneration  are  found. 
The  patient  becomes  very  emotional.  The  facial  expression  is  char- 
acterized by  open  mouth,  hanging  lower  lip,  drooling,  lower  half  of 
the  face  expressionless.  Rapid  emaciation  occurs  later.  The  progress 
of  the  disease  is  very  slow. 

The  therapy  is  symptomatic,  and  efforts  must  be  made  to  sustain 
the  vitality.  Such  drugs  as  silver  nitrate,  strychnine,  potassium, 
arsenic,  in  conjunction  with  careful  feeding,  and  galvanism,  may  be 
employed. 

The  infantile  type  is  an  hereditary,  familial  disease,  with  such  marked 
stigmata  of  degeneration  as  prognathism.  It  begins  with  paralysis  of 
the  facial  muscles,  oi)hthnlni()plegia  iiiul  lagophthalmos;  then  bulbar 
symptoms  develoj?;  it  is  (■h;ir!icteriz(>(l  by  remissions,  and  exacerbations, 
muscle  jjaralyses  and  atrophy,  with  partial  reaction  of  degeneration. 
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It  is  closely  related  to  the  infantile  nuclear  disappearance  of 
Heubner. 

Treatment  is  the  same  as  that  just  above  described. 

Amyotrophic  Lateral  Sclerosis. — This  is  a  disease  of  middle  life. 
It  is  rarely  found  in  children,  and  is  rarely  of  familial  nature. 

Etiology. — The  etiology  is  little  known,  but  in  the  various  histories 
exposure  to  cold  and  trauma  frequently  stand  in  an  apparently  causal 
relation.  Striimpel  believes  that  we  are  dealing  with  an  endogenous 
weakness  of  the  motor  apparatus,  which,  with  the  addition  of  the 
exogenous  factors  in  later  life  mentioned  above,  produce  the  disease. 
The  frequent  occurrence  of  micrognathia  and  congenital  deformities 
of  the  thumb  seem  to  bear  this  out. 

Pathological. — The  pathological  anatomy  shows  a  disease,  intensive  in 
character,  of  the  pyramidal  tracts,  and  the  ganglion  cells  in  the  anterior 
horns  and  medulla,  with  a  characteristic  preservation  of  the  tracts 
containing  the  reflex  collaterals.  Briefly  it  is  a  disease  of  the  upper 
motor  neurone,  which  has  been  traced  in  some  cases  to  the  Rolandic 
cortex,  and  the  ganglion  cells  of  the  medulla  and  cord. 

Symptoms. — It  follows  that  the  clinical  picture  is  that  of  a  spastic 
paraplegia,  plus  chronic  poliomyelitis  of  the  cord  and  bulb.  It  is  a 
chronic  progressive  disease  in  which  for  a  time  either  clinical  picture 
may  predominate,  or  both  may  run  apparently  in  parallel  fashion.  In 
some  cases,  for  a  long  time  the  disease  may  appear  as  a  spastic  para- 
plegia and  only  later  a  muscular  atrophy  develops ;  or  else  it  may  resemble 
a  progressive  muscular  atrophy,  and  the  later  spastic  phenomena  may 
appear  either  in  the  lower  or  in  the  upper  extremities,  with  rigidity, 
exaggeration  of  the  tendon  reflexes,  patellar  and  Achilles  clonus, 
Babinski,  etc.,  in  the  lower  extremities.  Pain  and  paresthesia  are 
naturally  uncommon.  In  the  terminal  state,  as  in  progressive  muscular 
atrophy  of  spinal  origin,  progressive  bulbar  paralysis  supervenes.  The 
duration  of  the  illness  is  very  much  briefer  than  in  the  former  case, 
death  supervening  in  a  few  years,  at  the  latest,  in  the  vast  majority 
of  cases. 

Treatment.^ — The  treatment,  in  view  of  the  very  bad  prognosis,  is 
naturally  limited  to  sustaining  the  patient,  and  to  the  amelioration 
of  the  individual  symptoms. 

For  the  treatment  of  the  muscular  atrophy  and  the  bulbar  symptoms, 
the  reader  is  referred  to  the  sections  on  progressive  spinal  atrophy 
and  bulbar  paralyses  respectively. 

For  the  treatment  of  the  spasms  and  rigidity,  as  the  disease  is  emi- 
nently progressive,  and  of  fairly  rapid  character,  very  little  of  lasting 
good  can  be  done.  Tenotomies  may  be  useful  for  a  time.  The  question 
of  posterior  root  section  is  rarely  to  be  considered,  and  then  only  as  a 
palliative  treatment.  Yet  experience  has  taught  us  the  futility  of  this 
procedure  in  progressive  conditions,  and  considering  the  dangers  of 
the  operation  in  the  hands  of  any  but  the  most  experienced  spinal  cord 
surgeons,  it  ought  to  be  very  rarely  considered,  and  only  in  slowly 
progressive  cases,  without  any  bulbar  implication 
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Strychnine,  given  hypodermically,  for  the  atrophv;  prolonged  warm 
baths,  95°  F.  for  twenty  minutes  to  an  hour  for  the  spasticity,  may  be 
usefully  employed. 

Myotonia  Congenita  (Thomsen's  Disease). — I  have  interpolated  this 
disease,  in  order  to  make  the  study  of  myotonia  atrophica,  which 
follows  next,  easier. 

Myotonia  congenita  was  first  described  by  Bell  in  1832,  but  it  was 
not  until  1876  that  Thomsen  called  general  attention  to  this  peculiar 
malady  by  giving  a  complete  description  of  the  cases  occurring  in  his 
own  family.  Later,  Striimpell  named  it  myotonia  congenita,  and  it 
remained  for  Erb — in  1886  to  1889 — to  give  the  best  monograph  on 
the  subject  up  to  that  time. 

Etiology. — It  is  a  congenital  and  familial  disease,  occurring  commonly 
in  childhood,  but  which  may  appear  at  a  much  later  date.  In  the 
latter  case,  exogenous  factors,  such  as  fright  and  emotional  shock, 
seem  to  play  the  part  of  immediate  causes.  The  great  preponderance 
of  males  is  noteworthy. 

Pathology.^ — ^The  pathogenesis  is  still  sub  judice.  The  earliest  obser- 
vers believed  it  to  be  an  affection  of  the  nervous  system ;  as  a  defective 
or  diminished  influence  of  the  will  or  nervous  system  on  the  muscles. 
Later  investigators,  studing  the  ergographic  tracings,  and  bearing  in 
mind  the  muscular  changes,  and  local  mechanical  irritability,  believed 
it  to  be  a  disease  of  the  muscular  end  plates,  of  congenital  origin.  Still 
later  investigators  found  metabolic  changes,  and  believed  that  the 
accumulation  of  toxins  in  the  muscles  produced  the  clinical  symptoms, 
and  the  pathological  changes.  They  also  pointed  to  the  existence  of 
acquired  myotonia. 

Jensen  showed  a  faulty  muscular  assimilation,  and  diminished  excre- 
tion of  carbon  dioxide,  lactic  acid,  and  xanthin  bodies.  As  mentioned 
before,  in  the  general  study  of  hereditary  conditions,  two  factors  prob- 
ably exist;  an  endogenous  irritable  weakness  of  the  sarcoplasm,  and 
an  exogenous  factor  of  metabolic  origin,  determining  the  time  and  site 
of  the  occurrence. 

Symptoms.^ — Myotonia  is  the  characteristic  symptom.  This  consists 
of  a  tonic  spasm,  occurring  in  muscles  long  at  rest.  When  suddenly 
thrown  into  powerful  contractions,  the  muscle  remains  contracted  for 
a  varying  time — from  ten  to  thirty  seconds — during  which  time  no  effort 
of  the  will  can  overcome  the  contraction ;  a  gradual  relaxation  then  takes 
place.  Under  the  influence  of  frequent  repetitions,  at  brief  intervals, 
this  myotonic  contraction  does  not  occur.  In  this  manner  long-con- 
tinued movements,  such  as  dancing,  walking,  etc.,  are  well  executed. 
The  spasms  may  be  local  or  general,  the  arm  may  be  left  outstretched, 
or  the  first  clenched.  Reflexly  in  the  course  of  coughing  or  sneezing, 
or  owing  to  local  or  mechanical  irritation,  a  remote  portion  or  the 
entire  body  may  become  rigid.  This  must  be  borne  in  mind  in  the 
treatment  of  this  condition. 

In  affected  families  the  disease  may  be  noted  in  early  life.  As 
Striimpell  has  called  attention  to  the  defective  congenital  functioning 
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of  the  facial  muscles  often  seen  in  the  children  of  dystrophic  families 
in  which  they  sleep  with  open  eyes,  never  learn  to  whistle,  etc.,  so  in 
myotonic  families,  the  children  may  show  in  early  life  difficulty  in  suck- 
ing, in  opening  the  eyes,  an  immobilization  of  the  face  during  weeping, 
and  a  certain  clumsiness  in  getting  about.  The  awkwardness  of  such 
children  is  most  frequently  attributed  to  their  heaviness. 

Patients  with  myotonia  are  individuals  of  excessive  muscular  devel- 
opment, local  or  general;  they  look  like  the  individuals  seen  on  the 
frontispieces  of  various  athletic  journals. 

The  affection  may  be  localized  in  the  facial,  masticatory,  or  ocular 
muscles  or  tongue,  or  may  be  general.  The  myotonia  is  increased  by 
exposure  to  cold,  by  emotional  excitement,  by  steady  observation, 
or  upon  sudden  intention.  Conversely,  peace  of  mind,  moderate  stimu- 
lation by  alcohol  or  tea,  and  methodical  exercises  tend  to  diminish  it. 

Erb  has  called  attention  to  the  following  pathological  signs: 

1.  The  increased  mechanical  irritability  of  the  muscles  and  not  the 
nerves;  a  slow  tonic  contraction  of  the  muscle  follows  a  local  tap. 

2.  The  myotonic  electrical  reactions.  Constant  weak  faradic  stimu- 
lation of  the  nerves  is  normal;  constant  powerful  currents  produce 
contractions  of  prolonged  duration;  interrupted  currents  only  cause 
brief  contractions.  Direct  muscular  faradic  irritability  is  increased; 
even  feeble  currents  cause  prolonged  contractions;  with  constant 
currents,  undulatory  movements  in  the  muscle  can  be  seen.  The 
galvanic  nerve  reaction  is  diminished;  only  interrupted  currents  cause 
contractions;  direct  muscular  galvanism  is  augmented;  only  closure  con- 
tractions occur;  usually  ACC  =  or  >CCC;  the  contractions  are  sluggish, 
tonic,  and  of  long  duration;  undulation  is  also  observed  with  stable 
applications;  the  contractions  pass  from  the  anode  to  the  cathode;  a 
strong  current  is  necessary  to  elicit  the  phenomenon. 

Irritability  to  static  currents  is  normal. 

The  myographic  curves  with  Mosso's  ergograph  are  characteristic. 

The  intensity  of  the  disease  varies  considerably. 

Other  distinctive  signs  are  absent,  except  that  various  observers 
have  found  in  the  urine  excess  of  uric  acid,  of  chlorides,  of  tyrosin, 
and  of  xanthin  bodies.   Glucose  has  also  been  found  in  some  cases. 

Myotonia  appears  in  numerous  affections,  such  as  paramyotonia 
congenita  (Eulenberg) ;  myotonia  congenita  intermittens,  myotonia  con- 
genita acquisita  and  transitory  (Jacoby) ;  myotonia  acquisita  (Talma) ; 
ataxic  myotonia  (Gowers);  myotonia  with  myoclonia  (Lundberg). 

Course. — The  course  of  the  disease  is  chronic  and  permanent;  begin- 
ning generally  in  early  childhood,  increasing  up  to  the  third  decade, 
and  then  remaining  stationary.  Remissions  and  exacerbations  are  not 
uncommon.   Prognosis  as  to  life  is  good;  as  to  recovery  is  poor. 

Treatment. — The  therapy,  in  view  of  the  incurability  of  this  afl'ection, 
resolves  itself  into  a  symptomatic  one.  Nevertheless,  various  attempts 
have  been  made  to  influence  the  disease.  For  a  time  orchitic  extract 
and  thyroid  extract  were  employed  with  indifferent  success;  atropine 
and  strychnine  were  similarly  found  inefficacious.    From  massage  and 
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gymnastics  much  good  will  result,  so  far  as  relief  is  ooncerned.  Local 
or  general  massage,  Swedish  movements,  and  Zander  apparatus 
ought  to  be  employed.  In  a  similar  way  electrical  massage  may  be 
serviceable.    For  details  of  this  treatment,  vide  supra. 

Prolonged  warm  baths  of  95°  F.  are  available  in  general  involve- 
ment. They  conduce  to  diminish  the  tendency  to  rigidity.  In  fact, 
as  mentioned  before,  warm  baths  are  well  borne  and  well  liked  by 
the  patients. 

Other  drugs  such  as  iodide  of  potash  and  antipyrine  have  been 
employed  in  vain. 

For  the  early  cases  the  reader  is  referred  to  the  section  on  Prophylaxis, 
where  the  methodical  treatment  of  hereditary  diseases  is  considered, 
and  the  following  of  the  precepts  mentioned  therein  will  do  much  to 
retard,  if  not  check,  the  further  development  of  this  severe  disorder. 

Myotonia  Atrophica. — The  characteristic  features  of  this  affection 
are  weakness  of  the  facial  musculature,  atrophy  of  the  sternocleido- 
mastoid muscle,  of  the  vasti  of  the  thighs,  and  the  dorsiflexors  of  the 
foot,  and  the  slow  relaxation  of  the  various  muscles  after  contraction 
(the  myotonia).  The  more  rapid  and  forcible  the  contraction  the 
slower  the  relaxation. 

Various  synonyms  are  Thomsen's  disease  with  muscular  atrophy, 
atypical  forms  of  Thomsen's  disease,  muscular  atrophy  with  electrical 
reaction  of  Thomsen's  disease,  myotonia  and  muscular  atrophy.  The 
disease  is  an  uncommon  one  and  has  a  familial  character. 

Etiology. — The  etiology  is  unknown,  but  here  again  exposure  to 
cold,  acute  rheumatism,  etc.,  plays  the  part  of  immediate  cause.  The 
disease  affects  males  chiefly,  and  is  a  disease  of  early  adult  life.  The 
myotonia  commonly  precedes  the  atrophy. 

Symptoms. — The  muscles  that  atrophy  are  the  facial,  the  masseters 
and  temporals,  the  sternomastoids,  the  trapezii,  the  flexors,  and  to 
a  less  extent  the  extensors  of  the  forearm,  the  vastus  internus  and 
externus,  the  anterior  and  posterior  tibial,  and  the  laryngeal  muscles. 
Other  muscles  are  but  rarely  affected. 

The  myotonia  is  seen  chiefly  in  relaxing  the  grasp;  other  muscles 
show  it,  but  not  so  constantly.   It  bears  no  relation  to  the  atrophy. 

The  disease  is  chronic  and  steadily  progressive,  and  terminates  in 
death. 

Treatment. — The  treatment  is  like  that  for  progressive  muscular 
atrophy. 
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THE  TREATMENT  OF  HEADACHES 

By  smith  ELY  JELLIFFE,  M.D. 

For  years  headache  has  been  considered  an  entity,  although  the 
keen  penetration  of  the  early  Greek  scholars  of  medicine  established 
the  fact  that  some  headaches  were  symptomatic.  Thus  it  was  known 
that  alcoholism  resulted  in  headache.  Hippocrates  dwelt  upon  the 
headaches  due  to  epilepsy,  and  it  is  not  at  all  certain  but  that  the 
headache  of  migraine  was  recognized  as  a  separate  feature,  although 
in  the  works  of  Hippocrates  himself  we  find  no  evidence  to  support 
the  belief  that  he  knew  of  it  as  an  entity. 

With  advancing  years,  however,  the  relationships  of  headaches  to 
other  bodily  disturbances  have  become  more  and  more  firmly  fixed, 
and  at  the  present  time,  deliberately  jumping  over  all  of  the  nosologies 
of  the  past,  headache  is  practically  regarded  solely  as  a  symptom,  and 
not  as  any  disease  'per  se. 

Any  treatment,  therefore,  of  headache,  or  of  pains  in  the  head, 
means  fundamentally  a  diagnosis  of  the  cause,  and  the  application 
of  measures  directed  to  the  removal  or  modification  of  such  causes. 

It  will  be  recalled,  however,  that  this  very  definite  statement 
regarding  the  causal  nature  of  headache  is  of  comparatively  recent 
formulation,  for  should  we  trace  the  history  of  the  treatment  of 
headache  only  back  say  one  hundred  years  or  so  we  would  find  that 
eminent  clinician  Cullen  writing  that  "  headache  as  a  disease  is  obscure, 
as  a  symptom  difficult.  It  may  be  allowed  to  be  generally  sj^mptom- 
atic,  but  I  presume  it  may  also  be  primary,  and  much  confusion 
has  arisen  in  the  attempt  to  distinguish  them." 

It  would  be  difficult  to  understand  what  is  meant  by  primary  and 
what  by  secondary  headaches,  for  after  all  pain  is  a  cerebral  function, 
a  combined  function  of  the  thalamus  and  of  the  cortex,  so  that,  to  a 
certain  extent,  all  headaches  may  be  said  to  be  primary.  But,  should 
we  fall  in  with  Cullen's  spirit  and  endeavor  for  the  sake  of  convenience 
to  indicate  divergent  lines  of  interpretation,  we  can  retain  his  notion 
of  primary  headaches  and  of  secondary  headaches;  primary  headaches 
being  those  originating  within  the  brain  structures  themselves,  and 
secondary  headaches  are  those  originating  in  other  organs  of  the  body, 
secondarily  involving  nervous  tissues. 

However  satisfactory  this  may  seem  to  be  it  lacks  precision,  however, 
for  after  all  a  headache,  for  instance,  from  uremic  poisoning,  which  one 
may  say  is  primarily  a  kidney  disease,  and  secondarily  a  headache,  is 
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a  toxemia  within  the  brain  structures.  Just  how  one  would  choose 
to  regard  the  conversion  lieadaciics  of  liysteria,  whether  primary, 
secondary,  or  what  not,  along  such  lines  of  classification  it  would  be 
difficult  to  conceive. 

We,  therefore,  choose  to  reject  all  such  categories  as  primary  or 
secondary,  or  functional  or  organic,  and  purpose  to  enumerate  some 
of  the  more  important  classes  of  headaches,  noting  at  the  same  time 
some  of  the  clinical  features  which  are  of  service  in  demonstrating 
their  closest  etiological  alliances,  providing  thereby  a  rational  mode 
of  approach  to  the  question  of  treatment. 

For  this  purpose,  it  may  be  of  distinct  service  to  consider  those 
headaches  which  are  more  distinctly  due  to  neuralgic  processes.  These 
are  eminently  neuralgias  of  the  fifth  nerve,  although  this  is  by  no 
means  the  only  nerve  involved. 

Contrary  to  many  teachings,  it  is  not  true  that  the  cerebral  struc- 
tures themselves  have  no  sensibility.  It  has  been  taught  for  years 
that  the  viscera  have  no  sensibility,  and  while  it  is  true  that  contact 
with  the  fingers,  with  a  sharp  instrument,  by  pinching,  by  the  applica- 
tion of  heat  and  cold,  etc.,  have  been  shown  to  be  unresponded  to  by 
the  sensory  structures  of  the  internal  organs,  notably  the  liver,  the  in- 
testines, the  spleen,  etc.,  nevertheless  all  that  this  proves  is  that  these 
forms  of  stimuli  were  not  of  an  adequate  type;  in  other  words,  these 
structures  do  not  respond  to  these  types  of  stimuli,  any  more  than  the 
eye  responds  to  sound  stimuli,  or  the  skin  to  taste  stimuli.  It  has  been 
demonstrated  beyond  a  doubt  that  the  viscera  do  respond  to  a  special 
form  of  stimulus,  namely,  the  stimulus  of  deep  pressure,  as  outlined 
by  Head,  and  it  is  this  t.ype  of  sensibility  that  is  also  present  in  the 
cerebrum,  and  which  is  responsible  for  many  headaches.  The  pain 
of  deep  pressure  sensibility  occurs  in  all  those  types  of  headache 
associated  with  increased  intracranial  tension,  whether  it  be  due  to 
the  pressure  of  a  new  growth,  to  an  abscess,  to  a  hydrocephalus,  or 
pressure  from  without. 

These  are  not,  as  a  rule,  headaches  which  can  be  interpreted  as  due 
to  trigeminal  involvements  in  the  narrow  sense,  although  it  is  not  at 
all  impossible  that  many  of  the  stimuli  of  deep  pressure  sensibility 
may  pass  through  the  trigeminus,  to  the  proper  perceptive  organs. 
The  exact  paths  traversed  by  deep  pressure  sensibility  of  this  type  is 
by  no  means  known  as  yet  in  view  of  the  complexity  of  the  surfaces, 
internal  and  external,  of  the  cerebral  structures.  It  is  for  this  reason 
that,  for  the  time  being  at  least,  we  would  exclude  intracerebral  tension 
pains  from  the  neuralgic  pains  that  are  to  make  up  the  first  section  of 
this  discussion. 

EXTRACEREBRAL  PAINS 

Pains  about  the  Head. — These  properly  need  to  be  excluded  in  a 
differential  diagnosis  and  any  rational  therapy.  A  large  number  of 
these  pains  are  known,  and  are  loosely  grouped  with  the  headaches. 
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As  has  already  been  stated,  these,  for  the  most  part,  are  neuralgias, 
occasionally  myalgias,  not  infrequently  the  muscular  pains  of  occupa- 
tion neuroses,  and  the  pains  of  periosteal  or  bony  inflammatory  disease. 

Neuralgias. — The  most  persistent  neuralgias  of  the  face  are  those 
of  the  trigeminus.  But  tic  douloureux,  in  its  ordinary  sense,  is  rarely 
confused  with  a  headache.  This  is  particularly  true  when  the  two 
lower  branches  are  involved,  but  is  not  so  apparent  when  the  supra- 
orbital is  the  site  of  the  pain.  When  this  latter  branch  becomes  involved, 
a  diagnosis  of  headache  is  not  at  all  infrequent  and  it  is  imperative 
at  times  to  separate  such  a  form  of  neuralgic  pains  from  a  neuralgic 
pain  due  to  migraine,  or  to  a  brain  tumor,  to  a  pachymeningitis,  a 
history  of  neurasthenia,  or  an  eye  muscle  occupation  neurosis.  All 
these  types  of  headache  pains  in  or  about  the  supra-orbital  region 
may  be  confused  wdth  a  supra-orbital,  i.  e.,  fifth  nerve  neuralgia. 

The  first  step  in  the  differential  diagnosis  consists  in  the  accurate 
plotting  of  the  area  involved  in  the  pain.  This  should  be  done  by 
methods  of  testing  as  outlined  by  Head  and  Holmes  {Brain,  1912),  and 
an  esthesiometer  is  desirable  in  plotting  the  topography  involved. 
The  location  is  usually  frontal,  extending  to  the  top  of  the  cranium; 
it  is,  as  a  rule,  unilateral,  the  base  of  the  nose,  the  upper  eyelid,  the 
ethmoid  region  deep  within  the  nasal  region  are  the  chief  sites  of  the 
pain.  It  usually  has  the  characteristic  jumping  or  shooting-like  features 
of  a  neuralgia,  and  is,  as  a  rule,  accompanied  by  tenderness  to  pressure 
along  the  nerve  trunks.  Thus  the  supra-orbital  foramen  shows  an  ex- 
quisitely tender  point,  the  ethmoid  points  are  tender,  the  parietal 
tubercle,  and  the  inner  angle  of  the  eye  all  show  tender  points  to 
pressure,  indicating  a  neuralgic  process  in  and  along  this  nerve. 

The  most  frequent  causes  for  supra-orbital  neuralgia,  as  an  isolated 
occurrence,  are  postinfluenzal  and  postmalarial  toxemias.  These 
carry  within  themselves  their  proper  therapeutic  suggestions.  The 
postinfluenzal  neuralgias  are  helped  by  aspirin  and  by  iron,  whereas 
quinine,  arsenic,  and  iron  are  the  best  modes  of  therapy  for  the  post- 
malarial  supra-orbital  neuralgias. 

Occasionally  intestinal  parasites  are  known  to  produce  a  neuralgia 
of  tliis  nerve.  Leukemia  and  diabetes  may  infrequently  be  the  cause. 
In  any  of  these  instances  the  etiological  therapy  is  clearly  indicated. 

A  true  Gasserian  ganglion  disturbance,  involving  the  supra-orbital 
branch  alone,  is  comparatively  infrequent,  yet  occasionally  such  cases 
have  been  met  with.  Here,  however,  as  a  rule,  other  branches  are 
occasionally  involved  even  though  the  supra-orbital  branch  is  that 
most  persistently  affected.  In  such  instances,  after  careful  etiological 
deductions  ha,ve  excluded  all  other  forms  of  possible  causation  for  the 
supra-orbital  neuralgia,  surgery  or  alcohol  injections  may  be  used, 
in  the  event  that  the  pain  is  severe  and  intractable.  In  this  case, 
however,  the  relationship  to  headache  is  more  nominal  than  real;  it  is 
evidently  a  supra-orbital  neuralgia  of  definite  etiological  causation. 

Affections  of  the  middle  and  inferior  bniuehes  rarely  cause  head- 
aches, although  occasionally  involvement  of  a  dental  branch  will  cause 
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a  temporal  headache.  This  lias  been  known  to  take  place  with  carious 
teeth,  and  the  temporal  headaches  which  have  resulled  have  been  very 
refractory  to  all  forms  of  treatment. 

Occipital  Neuralgias. — The  occipital  neuralgic  headaches  offer  an 
equally  fertile  field  for  differential  diagnosis.  Like  the  pains  of  supra- 
orbital neuralgia  the  occipital  neuralgias  are  due  to  the  involvement 
of  special  nerve  fibers.  Here  the  occipitalis  major,  occipitalis  minor, 
or  the  auricularis  magnus  are  those  most  frequently  involved.  Here, 
again,  intracerebral  complications  causative  of  headaches  are  to  be 
separated  from  those  of  purely  external  origin.  Most  frequent  of  these 
for  instance  are  caries  of  the  vertebrge,  tumors  high  up  in  the  cervical 
cord,  and  occasionally  posterior  fossa  pachymeningitis,  or  cervical 
meningitis.  The  occipital  neuralgias  furthermore  are  found  in  syphilitic 
affections.  These  constitute  a  very  important  group  of  the  occipital 
neuralgias,  and  often  are  unrecognized  for  long  periods  of  time.  All 
of  the  occipital  neuralgias,  especially  when  mild,  are  frequently  mis- 
interpreted as  occipital  headache,  and  are  miscalled  "neurasthenic." 

They  are  furthermore  confused  with  a  ver}^  common  form  of  occipital 
pain  which  is  an  occupation  neurosis,  and  also  with  the  pains  due  to 
indurative  myositis  which  is  especially  prevalent  in  the  occipital  region. 

Occipital  neuralgic  headaches  are  almost  invariably  bilateral,  and 
when  true  neuralgias  almost  invariably  are  associated  with  painful 
Valleix  points,  which  may  be  found  along  the  cervical  outlines.  When 
the  pains  are  sharp  in  character  they  are  obvious.  They  then  stamp 
themselves  as  neuralgias.  But  they  are  frequently  dull,  and  are 
increased  or  are  brought  about  by  movements  of  the  head.  They  fre- 
quently reach  the  vertex,  and  it  is  significant  of  this  type  of  pain,  if 
due  to  neuralgia,  to  find  occasional  twinges  of  pain  in  the  shoulders, 
running  down  the  arms,  over  the  scapular  region.  In  brachial  plexus 
cases,  where  there  is  very  slight  involvement  of  the  nerves  of  the  arm, 
and  greater  involvement  of  the  recurring  branches  from  the  upper  cords 
of  the  plexus  one  occasionally  meets  wdth  sore  points  in  the  neck,  and 
also  with  slightly  swollen  and  tender  nerve  trunks. 

Treatment. — Therapeutic  indications  are  with  counterirritation, 
mild  rubefacients,  mustard,  cantharides,  menthol,  etc.,  Avhich  should 
be  applied  along  the  Valleix  points,  or  over  the  swollen  nerve  trunk 
in  the  neck,  or  over  the  tender  nerve  trunks  in  the  scapula.  ]\Iild 
massage  is  of  service,  and  mixtures  containing  salicylic  acid  or  anti- 
pyrine,  or  other  analgesics  are  indicated. 

Occasionally  one  encounters  foreign  bodies  pressing  upon  the  nerve 
trunks,  in  which  case  their  removal  is  obviously  indicated.  Syphilitic 
osteitis  may  be  the  starting  point  of  such  a  pressure,  in  which  case  a 
Wassermann  reaction  would  be  utilized  in  making  a  diagnosis  and  the 
proper  therapy  instituted. 

Many  of  these  posterior  occipital  headaches  of  neuralgic  origin  are 
present  in  the  chronic  stages  of  malarial  jwisoning.  They  are  not 
encountered  so  often  at  the  present  time  as  formerly,  since  the  discovery 
of  the  malarial  organism  has  permitted  a  prompter  therapy  of  malaria 
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in  general,  and  in  large  measure  tended  to  do  away  with  the  many 
forms  of  malarial  cachexia.  Such  chronic  malarial  cachexiae  should 
be  borne  in  mind  as  a  possible  cause  of  a  chronic  occipital  neuralgic 
headache. 

Quinine  is  here  of  less  value  than  arsenic,  as  a  rule,  although  it  can 
be  given  in  doses  of  from  one  to  two  grams. 

The  anemia  that  accompanies  chronic  malarial  cachexia,  as  well  as 
that  due  to  parasites  or  diseases  of  the  blood-making  organs,  is  best 
treated  by  iron  and  arsenic.  Special  antineuralgic  drugs  are  to  be  used 
only  in  the  more  severe  cases,  and  only  after  a  thoroughly  consistent 
diagnosis  has  been  established.  The  most  important  of  these  drugs 
are  antipyrine,  phenetedine,  phenacetin,  salipyrine,  aspirin,  pyramidon, 
and  other  combinations  usually  of  the  salicylates.  These  may  be  used 
singly  or  in  combination,  in  doses  of  from  5  to  15  grains,  according 
to  more  obvious  indications. 

The  more  powerful  of  these  analgesics  should  never  be  administered 
in  more  than  5  grains  (0.3  gram)  as  an  initial  dose  even  to  an  adult, 
especially  if  the  adult  is  unknown.  It  is  of  interest  to  know  that 
whereas  most  of  the  analgesics  are  pharmacologically  related  and  from 
the  standpoint  of  chemical  structure  should  have  practically  the  same 
action,  nevertheless;  clinical  experience  shows  that  the  minor  modifica- 
tions in  chemical  structure  are  oftentimes  reacted  to  idiosyncratically 
by  different  individuals.  It  is,  therefore,  well  worth  while  to  study  these 
analgesics  with  discrimination.  One  can  establish  for  the  patient  an 
ideal  combination,  and  one  can  also  play  the  changes  with  different 
ones  and  thus  help  effectually  to  prevent  an  opium  habit  in  some 
of  the  more  chronic  of  these  headaches. 

While  on  the  subject  of  the  opium  habit,  it  should  not  be  forgotten 
that  these  neuralgic  pains  may  be  symptomatic  of  such  a  habit,  par- 
ticularly during  an  attempt  made  to  break  it.  The  habitue  who 
contracts  a  habit  as  a  result  of  his  efforts  to  relieve  pain  of  this  type 
is  very  apt  to  find  that  the  first  attempts  at  suppression  of  the 
opium  will  bring  about  pain  in  this  same  region. 

In  some  of  the  more  obstinate  types  the  older  remedies,  such  as 
gelsemium,  aconite,  atropine,  and  cannabis,  may  be  utilized.  Usually, 
however,  they  serve  only  as  surrogates  to  other  more  direct  and 
profitable  therapeutics. 

Electricity  is  of  service  in  a  number  of  these  cases,  especially  in 
the  form  of  the  violet  ray,  or  the  high-frequenc}'  static  spark  or  in  the 
rapidly  alternating  current  of  Leduc;  five  to  ten  minutes  are  usually 
sufficient.  The  milder  forms  appreciate  the  galvanic  and  the  faradic 
streams  as  adjuvants  to  other  forms  of  treatment.  The  streams  should 
not  be  over  one  to  one  and  a  half  milliamperes,  and  the  length  of  time 
rarely  over  fifteen  minutes. 

Massage  is  frequently  of  value,  but  it  is  of  less  value  in  the  neuralgic 
type  of  headaches  than  in  others  about  to  be  considered. 

Reflex  Tenderness  of  the  Scalp. — Ever  since  Head  called  attention 
to  the  fact  that  there  is  an  intimate  association  between  the  internal 
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viscera  and  the  skin  a  rational  explanation  has  been  afforded  for  what 
has  empirically  been  recognized  for  several  years,  namely,  that  certain 
disorders  of  the  viscera  are  frequently,  if  not  invariably,  associated 
with  reflex  pain  distributed  in  the  area  of  the  scalp,  or  are  responsible 
for  tenderness  in  the  skin  of  the  head. 

These  reflex  pains,  and  this  scalp  tenderness,  are  referred  to  by 
patients  as  headaches,  and  therefore  become  legitimate  subjects  for 
consideration  in  this  chapter. 

Later  studies  by  Head  himself,  by  Hilton,  Janet,  and  by  MacKenzie, 
have  served  to  accentuate  and  bring  into  sharp  relief  the  anatomical 
relations,  through  collaterals  in  the  cerebrospinal  axis,  that  these 
affected  skin  areas  bear  to  the  affected  viscera. 

The  therapeutic  mode  of  attack,  however,  must  concern  itself  more 
with  the  diseased  organ  than  with  the  reflex  disturbances  in  the  scalp 
itself.  As  a  matter  of  clinical  experience  it  is  known  that  the  intensity 
of  the  hyperesthesia  iu  these  areas  varies  widely,  and  although  it  may 
bear  some  proportionate  ratio  to  the  severity  of  the  underlying  visceral 
disturbance,  such  a  ratio  is  difficult  to  express.  Not  infrequently  a  com- 
paratively mild  visceral  disturbance  will  excite  or  create  a.  very  active 
reflex;  whereas,  on  the  other  hand,  a  very  severe  internal  disease  may 
give  rise  to  comparatively  little  reflex  disturbance  in  the  scalp  areas. 

It  is  characteristic  of  these  reflex  pains  that  examination  by  the 
rounded  glass  head  of  a  sharp  pin,  with  von  Frey's  hairs,  or  with  other 
esthesiometers,  shows  that  topographically  they  are  not  related  to  any 
peripheral  nerve  distribution.  In  other  words,  they  do  not  conform 
to  the  ordinary  neurological  tj^pes.  They  are  usually  much  less  cir- 
cumscribed, are  often  bilateral,  and  ma}^  be  extremely  fleeting.  Patients 
complain  of  them  as  dull  aches,  as  casque-like  bands,  as  sore  spots, 
as  tender  spots,  spots  that  hurt  when  the  hair  is  brushed  or  combed, 
spots  that  when  touched  are  found  to  be  tender,  and  the  touch  is 
followed  by  a  persistent  dull  and  annoying  ache.  The  localization 
of  these  reflex  areas  is  indicated  in  the  charts,  and  also  some  guide 
is  there  afforded  as  to  the  visceral  diseases.  These  reflex  pains  must  be 
distinguished  carefully  from  the  hallucinatory  pains  of  dementia  prsecox 
or  a  mild  manic-depressive  psychosis — so-called  "hypochondrias." 

Treatment. — ^The  therapy  requires  a  twofold  mode  of  approach— the 
correction  of  the  underlying  visceral  disturbance  and  the  alleviation 
of  the  local  discomfort.  This  type  of  reflex  pain  is  best  relieved  by 
treatment  of  the  disease  in  the  viscera.  Locally  these  pains  can  often 
be  relieved  by  hot  applications  and  by  rubefacient  analgesics.  IMenthol 
is  one  of  the  most  serviceable.  lUibbing  of  the  scalp  is  often  of  much 
service  in  this  type  of  reflex  head  pains. 

Muscle  Neuroses.— Another  type  of  headache  little  understood, 
but  frequently  found,  is  that  which  may  properly  be  spoken  of  as  an 
occupation  neurosis  in  certain  of  the  nuiscles  of  the  neck  and  scalp. 
As  is  well  known,  many  of  these  nuiscles  are  no  longer  functionally 
active.  Thus  the  modern  man  has  no  use  for  the  muscles  of  his  ears, 
nor  are  those  of  the  scalp  very  much  in  use;  whereas  it  is  not  infre- 
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qiient  that  the  muscles  of  expression,  speech,  mimicry,  emotion 
are  constantly  employed,  and  as  for  the  muscles  of  the  back  of  the 
neck,  these  are  nearly  always  in  use. 
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These  t^TDes  of  headache  are  the  result  of  continuous,  and  yet  for  the 
most  part  instinctive  and  unconscious  muscular  activities.    They  are 
muscular  activities  which  consist  of  a  continuous  series  of  automatic 
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motor  adjustments,  easily  set  in  operation,  for  instance,  by  necessities 
arising  from  defects  in  the  chief  sensory  organs  of  the  head. 

Here  are  grouped  the  muscle  pains  so  frequently  spoken  of  as  eye- 
strains, ear-strains,  neck-strains,  and  position-strains,  because  minor 
defects  in  the  eyes,  the  ears,  the  position  of  the  body,  etc.,  call  for  a 
continuous  functioning  of  particular  groups  of  muscles,  with  the  result 
that  they  become  fatigued,  and  exhibit  the  s}^mptoms  of  an  occupation 
neurosis. 

Symptoms. — Those  headaches  which  are  the  most  frequent  are 
frontal  and  occipital.  They  are  often  persistent  and  are  characterized 
by  certain  features  which  must  be  grasped  in  order  that  their  real 
essence  may  be  perceived,  and  efficient  therapy  be  made  possible. 
Most  of  these  headaches  come  on  more  or  less  gradually.  The  patient 
observes  them  after  carr^dng  on  a  more  or  less  definite  occupation. 
After  a  certain  length  of  time  it  becomes  apparent  that  this  particular 
occupation  is  pursued  with  more  discomfort  than  others,  the  attention 
is  apt  to  wander,  there  is  less  enjoyment,  and  finally  one  notes  that 
for  some  reason  or  other  one  has  a  headache.  This  headache  is  then 
apt  to  increase  in  intensity  and  in  duration,  with  the  recurrence  of 
the  occupational  strain,  and  which  has  perhaps  developed  only  after 
the  individual  has  been  at  work  for  several  hours.  The  head  distress 
becomes  more  and  more  intense  after  perhaps  years,  and  develops  in 
later  years  sooner,  in  point  of  time,  after  the  actual  starting  of  the 
occupation. 

Diagnosis. — It  requires,  at  times,  very  detailed  anamnestic  investi- 
gation to  establish  these  relations,  and  if  such  careful  detailed  history 
fails  to  show  such  relations  it  may  be  accepted  that  the  headache  does 
not  fall  within  that  category.  It  is  not  enough  to  find  an  eye  or  ear 
anomaly;  the  character  of  the  headache  is  of  importance. 

So  far  as  statistics  are  able  to  inform  us,  it  would  appear  that  eye 
headaches  are  the  commonest.  This  is  as  one  might  expect,  since, 
other  things  being  equal,  there  is  probably  no  series  of  muscles  in  the 
body  used  so  widely  and  persistently  as  those  governing  the  eye  move- 
ments, and  probably  no  organ  of  the  body  that  shows  more  minor 
anomalies  of  structure  than  the  eye.  These  minor  anomalies  of  struc- 
ture, combined  with  the  necessity  for  constant  use,  bring  about  a 
disharmony,  and  therefore  irregularity  of  tension  requiring  compensa- 
tion, with  the  production  of  an  eye-strain  headache.  It  is  very  far 
from  being  a  fact  that  every  anomaly  of  structure  produces  headaches 
of  this  kind,  any  more  than  that  every  blacksmith  develops  an  occu- 
pation neurosis  in  the  arms,  or  every  foot-worker  one  in  the  legs,  or 
every  speaker  one  of  the  larynx,  etc.  In  fact,  eye-strain  headaches 
are  much  overdone,  and  many  so-called  eye-strain  headaches  have 
really  nothing  whatever  to  do  with  eye-strain,  notwithstanding  the 
fact  that  a  careful  ocular  examination  reveals  very  definite  anomalies. 

The  anomalies  which  are  most  frequent  are  astigmatism,  asthenopia, 
hypermetropia,  and  emmetropia.  The  headaches  rarely  begin  until 
after  many  years  of  compensatory  overactivity  of  certain  of  the  eye 
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muscles,  when  a  real  occupation  neurosis  steps  in  the  overstrained 
muscle  group,  showing  itself  in  orbital  and  frontal  headaches,  at 
times  associated  with  spasmodic  or  other  neuralgic  phenomena.  Sore 
eyeballs  and  blepharospasm  are  among  the  commonly  observed  phe- 
nomena. 

Again,  it  should  not  be  forgotten  that  labyrinthine  disturbances, 
even  though  very  slight,  are  capable  of  producing  the  same  type  of 
occupation  headaches  in  the  eye-muscle  group  as  may  arise  from  anoma- 
lies in  the  eye  structures  themselves.  The  function  of  orientation  in 
space,  of  which  equilibrium  is  a  part,  is  a  compound  function  in  which 
the  eye  muscles  are  closely  associated  with  the  cerebellar  apparatus 
of  equilibration.  This  association,  anatomists  tell  us,  takes  place 
through  the  posterior  longitudinal  bundles  and  collaterals  between 
the  vestibular  tract  and  the  fibers  from  the  oculomotor  nerves,  and  is 
established  for  the  purpose  of  making  use  of  the  eye  muscles. 
Therefore,  a  continuous  series  of  adjustments  take  place  in  the  eye 
muscles,  purely  automatic  in  nature,  in  cases  where  there  is  any 
defect  on  the  vestibular  side  of  the  apparatus  of  equilibrium. 

This  is  frequentl}^  overlooked,  and  many  eye  anomalies  are  corrected 
when  in  reality  more  attention  should  be  given  to  the  ear,  or  possibly 
to  a  low-grade  labyrinthitis. 

Whether  we  are  able  at  the  present  moment  to  separate  these  equili- 
bration occupation  headaches  from  the  pure  eye-strain  headaches  is  an 
open  question,  but  now  that  attention  has  been  called  to  them,  it  seems 
certain  that  they  will  be  differentiated,  and  proper  means  of  adjustment 
found.  The  recent  work  of  Barany  and  others  in  the  functional  testing 
of  the  labyrinth  will  help  in  this  diagnostic  problem. 

Still  another  group  of  these  occupation  neurosis  headaches  concerns 
itself  with  those  in  which  compensatory  adjustments  take  place  in 
the  muscles  of  the  neck.  These  adjustments  are  necessary,  in  view  of 
eye  anomalies,  to  bring  about  a  correct  picture  formation  in  the  retina. 
The  head  being  held  in  a  compulsive  direction,  by  reason  of  the  eye 
anomaly,  soon  brings  about  a  deep-seated  occipital,  sometimes  a  parietal 
headache,  with  stiffness,  which  may  be  relieved  by  the  proper  eye 
measures.  Many  of  these  parietal  and  occipital  headaches  are  found 
in  desk  workers,  in  literary  workers,  and  whereas  the  primary  anomaly 
may  be  in  the  eye  the  compensatory  muscular  movements  have  taken 
place,  not  among  the  eye  muscles,  but  usually  in  the  muscles  of  the 
neck. 

Quite  similar  occipital  headaches  are  due  to  other  motor  adjustments 
of  the  head,  due  to  ear  disturbances,  possibly  to  disturbances  of  smell, 
and  more  particularly  to  bad  adjustment  in  the  position  of  the  whole 
body,  which  is  brought  about  by  the  relationship  of  desks  or  work 
benches,  or  machines  to  sources  of  light  and  to  the  distribution  of 
the  working  material.  Many  women  in  shops,  factories,  etc.,  develop 
these  headaches  as  the  result  of  too  circumscribed  and  forced  motor 
positions.  The  adjustment  of  the  various  muscular  loads  has  not 
been  considered,  nor  has  the  proper  elimination  been  thought  out, 
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with  the  result  that  a  number  of  lieadaches  occurring  among  workers 
in  these  occupations  are  found  to  be  due  to  thcoc  continuous  muscular 
strains. 

Not  only  do  we  find  headaches  here,  but  backaches  and  other  forms 
of  occupation  neuroses  are  frequent.  Seamstresses,  shop  girls,  factory 
hands  and  others  working  in  positions  in  which  the  factor  of  muscular 
activity  enters  show  these  headaches  in  profusion. 

In  another  place  I  have  said  that  these  forms  of  headaches  are  by 
no  means  infrequent  (Forcheimer's  treatment),  but  it  should  not  be 
forgotten  that  the  human  body  is  rarely  a  symmetrical  organ,  and  to 
seek  for  ideal  symmetry  is  more  or  less  of  an  ignus  fatuus.  Thus,  it 
is  idle  to  argue  that  all  of  these  headaches  are  due  to  eye-strain.  To 
uphold  such  a  doctrine  implies  a  psychical  squint,  far  more  serious 
perhaps  than  an  ocular  one,  for  such  a  mental  squint  leads  to  a  per- 
version of  the  logical  faculties.  It  develops,  when  present  in  mild 
grades,  various  types  of  cranks,  both  in  and  out  of  the  profession. 
In  its  severe  grades  one  finds  the  delusional  enthusiasts,  not  all  of 
whom  are  properly  taken  care  of.  From  a  purely  philosophical  point 
of  view,  it  should  be  remembered  that  the  faddist,  the  crank,  and  the 
delusional  enthusiast  afi^ord  splendid  shelter  behind  whose  opinions 
the  charlatan  can  fatten  unmolested. 

Treatment. — It  is  well  recognized  that  the  treatment  of  many  of  these 
conditions  is  often  most  satisfactory.  The  proper  fitting  of  glasses 
may  do  the  trick,  but  it  is  often  not  the  only  factor,  so  that  a  careful 
study  must  be  made.  The  history  of  the  patient's  occupation  must 
be  carefully  inquired  into,  the  position  taken  during  the  working  day, 
details  of  the  motor  adjustment  all  carefull}^  studied.  A  complete 
analysis  of  the  motor  habits  of  the  individual  must  be  made,  and 
proper  correction  made  if  anomalies  are  found.  It  is  not  enough  simply 
to  write  a  prescription  for  a  pair  of  glasses  when  it  may  be  found  that 
if  other  factors  were  corrected  there  would  be  no  need  for  the  glasses. 

Myalgic  Headache. — This  is  a  type  of  headache  which  Edinger  has 
called  "indurative"  headache.  It  is  a  form  which  has  received  special 
attention  from  the  hands  of  many  Swedish  investigators.  It  has  been 
written  upon  extensively  by  Cornelius,  Peritz,  and  others,  and  is  a 
form  of  headache  to  which  many  irregular  practitioners  have  fastened 
themselves  to  their  advantage,  since  massage  and  physical  manipula- 
tions have  given  the  best  results  in  the  therapy. 

These  results  have  been  obtained,  because  it  will  be  found  that  on 
careful  palpation  of  the  muscles  of  the  head,  particularly  at  the  tendinous 
aponeuroses  of  origin  or  insertion  of  the  muscles  there  will  be  found 
slight  thicknesses  or  nodular  resistances.  These  are  excessively  painful 
to  the  touch,  and  continuously  painful,  although  the  pain  is  apt  to  be 
diffuse  rather  than  localized.  Just  what  tliese  small  nodules  or  hard- 
nesses are  has  not  been  definitely  established,  although  some  authors 
have  thought  they  have  shown  that  they  consist  of  infiltrations  of 
mineral  salts.  Fig.  14  shows  the  localization  of  many  of  these 
indurative  areas.    It  may  be,  indeed,  that  in  many  respects  they  cor- 
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respond  to  points  described  by  Valleix  one  hundred  years  ago.  Valleix 
thought  that  they  indicated  points  of  special  nerve  tenderness,  and  he 
was  comparatively  right.  It  would  appear  that  a  new  study  of  Valleix's 
points  would  be  worth  while,  separating  them  from  the  points  of 
induration,  and  also  from  the  reflex  painful  points  of  visceral  disease. 

These  indurative  headaches,  or  myalgic  headaches,  are  often  severe. 
They  may  be  so  agonizing  as  to  resemble  meningitis. 


Fio  14 


The  points  upon  which  "indurations"  are  moat  frequently  formed.  (Edinger.) 

Diagnosis. — Oftentimes  one  gets  the  impression  that  one  has  a  brain 
tumor  to  deal  with,  but  the  absence  of  eye  signs  and  the  distinct  relief 
that  follows  a  deep  massage  after  finding  the  indurated  points,  establish 
a  correct  diagnosis.  The  diagnosis  of  tumor  is  often  made  because 
there  is  very  frequently  pronounced  nausea  from  the  excessive  pain. 
As  a  rule  there  is  no  elevation  of  temperature. 

Palpation  of  the  forehead  shows  no  hypcresthetic  areas  in  the  parietal 
and  temporal  regions  as  is  often  the  case  with  the  migrainous  headaches. 
One  finds  at  the  insertions  of  the  muscles  at  the  back  of  the  neck, 
occipital  tender  points,  and  often  in  the  belly  of  the  muscle  there  are 
to  be  found  small  nodular  swellings.   These  nodular  swellings  may  be, 
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as  it  were,  rubbed  out  by  deep  massage,  both  from  the  tendinous 
insertions  and  from  the  belly  of  the  muscle 

Not  only  does  one  observe  acute  attacks  of  headache  as  a  result  of 
these  indurations,  but  a  chronic,  persistent  headache  is  even  more 
frequent.  These  chronic  headaches  are  usually  occipital.  They  show 
a  very  persistent  intermittent  course  with  acute  exacerbations.  They 
will  start  with  an  acute  attack,  then  disappear  more  or  less.  The 
patient  will  have  a  chronic  headache  which  will  more  or  less  pass  away, 
and  then  there  will  be  an  acute  exacerbation,  and  then  a  more  or  less 
chronic  occipital  distress.  The  pain,  moreover,  is  apt  to  radiate  into 
collateral  regions.  The  deltoid  muscles  may  be  involved.  One  very 
frequently  finds  that  these  patients  have  also  attacks  of  muscle  soreness 
in  other  parts  of  the  body;  that  they  have  lumbago  or  wry-neck  or  a 
stiff  shoulder. 

This  feature  is  very  significant,  especially  when  small,  nodular, 
painful  swellings  are  found  in  other  muscles  than  those  of  the  back 
of  the  neck.  It  is  very  significant,  furthermore,  that  exposure  to  cold 
is  found  in  these  cases  as  an  etiological  factor.  This  gives  countenance 
to  the  belief  that  they  are  more  or  less  rheumatic  in  origin.  This, 
however,  is  purely  a  lay  interpretation.  "Uric  acid"  is  the  favorite 
formula  of  explanation  with  many,  and  one  hears  vague  talk  of  these 
nodular  swellings  being  due  to  various  forms  of  auto-intoxications.  It 
may  be  so,  but  just  what  the  auto-intoxications  are,  from  whence 
they  arise,  and  how  they  produce  the  disturbance  remains  yet  to  be 
seen.  Occasionally  one  finds  a  quack  masseur,  regular  or  otherwise, 
who  speaks  of  these  as  "chalky"  deposits  which  they  can  rub  away, 
and  inasmuch  as  the  therapeutics  by  deep  massage  is  effective  and 
useful,  one  is  inclined  to  swallow  the  pathological  explanation  having 
experienced  the  relief. 

Treatment. — Treatment  then  is  preeminently  by  massage.  Certain 
changes,  possibly  in  the  nature  of  a  localized  edema,  have  taken  place, 
in  these  tendons  and  muscles,  and  shortly  after  the  acute  stage  is  over, 
these  localized  edemas  or  nodular  swellings  should  be  attacked  by 
general  systemic  remedies  and  by  local  massage.  The  patient  should 
be  given  an  active  laxative,  and  take  a  hot  bath,  or  preferably  steaming 
or  hot  packs  should  be  given.  A  salicylate  preparation,  15  gr.  of  aspirin, 
or  other  related  salicylate  compound,  and  then  the  sore  muscles  should 
be  massaged,  usually  with  the  thumb,  and  the  pressure  should  be 
directed  toward  the  flow  of  the  h^mph  channels. 

The  massage  should  be  at  first  gentle,  for  at  least  two  or  three  days, 
then  it  should  become  more  energetic,  until  it  becomes  of  the  quality 
known  as  deep  massage.  A  mechanical  vibrator  is  distinctly  advan- 
tageous in  the  later  periods  of  the  treatment.  Such  a  massage  seance 
should  begin  with  five  minutes  and  later  should  extend  to  fifteen  to 
thirty  minutes.  Treatment  should  be  at  least  biweekly,  and  it  may 
require  from  four  to  six  weeks  to  complete  the  therapeutics.  General 
tonic  measures  are  advisable. 

Just  what  is  the  origin  of  these  tissue  edemas,  which  seem  to  be 
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specific  for  tendons  and  muscles,  is  unknown.  It  is  possible  that  they 
may  be  local  disturbances  of  the  deep  sensibility  fibers,  which  can  cause 
localized  edemas  within  the  body  structure,  just  as  localized  edemas 
may  result  on  the  skin  as  in  herpes  and  urticaria  from  definite  forms 
of  irritation  either  of  the  posterior  spinal  ganglia  or  of  the  gastro-in- 
testinal  tract.  Most  attention  has  been  riveted  on  the  gastro-intestinal 
tract,  but  at  present  no  definite  relationship  has  been  established. 

In  looking  at  the  question  of  exudation  from  the  bloodvessels, 
and  the  increased  tendency  to  permeability  of  the  vessel  walls,  there 
seems  to  be  reason  to  think  that  the  composition  of  the  blood  plays  a 
very  large  role.  -  In  other  words,  the  tendency  for  exudates  to  take  place 
seems  in  some  manner  associated  with  the  chemical  composition  of 
the  mineral  constituents  of  the  blood,  particularly  of  the  calcium  salts. 

While  it  is  more  or  less  fashionable  at  the  present  time  to  regard 
defective  calcium  metabolism  as  a  fundamental  element  in  a  number 
of  pathological  processes,  it  would  seem  to  be  fairly  w^ll  established 
that  the  use  of  calcium  salts  has  a  fairly  definite  action  in  diminishing 
the  tendency  for  minute  exudations,  particularly  as  they  occur  in  such 
disturbances  as  urticaria,  in  gastro-intestinal  disorders,  and  following 
the  use  of  a  number  of  toxins.  Therefore,  it  would  seem  rational  to 
add  to  our  resources,  in  the  treatment  of  these  indurative  headaches, 
the  use  of  calcium  salts,  particularly  the  calcium  lactates. 

These  can  be  given  in  free  doses  of  from  2  to  3  grams  per  day. 

Osteopathy  has  fattened  upon  many  of  these  patients,  simply 
because  the  average  physician  has  forgotten  all  about  them.  This 
type  of  headache  is  rarely  described  in  the  text-books,  in  fact  very 
few  of  the  little  things  that  bother  mankind  are  to  be  found  in  the 
text-books,  and  it  is  because  of  this  neglect  of  the  little  things  that 
the  irregular  practitioner  gets  his  opportunity.  It  should  not  be  for- 
gotten that  Valleix  and  his  contemporaries  described  these  headaches 
many  years  ago.  Their  modern  resuscitation  has  come  largely  through 
Swedish  investigators. 

Eye  Headaches. — It  should  not  be  overlooked  that  acute  or  chronic 
inflammation  of  the  eye  structures  themselves  may  be  sources  of  most 
pronounced  headache.  Such  disorders  within  the  eye  structures  have 
nothing  whatever  to  do  with  eye-strain.  Thus  severe  headaches  result 
from  conjunctivis,  from  iritis,  keratitis,  and  particularly  from  glaucoma. 
The  latter  is  of  extreme  importance,  since  lack  of  recognition  of  this 
disorder  may  lead  to  permanent  impairment  of  sight,  and  injudicious 
treatment  often  results  disastrously.  Headache  of  glaucoma  should 
not  be  mistaken  for  neuralgia.  The  therapeutic  indications  for  these 
headaches  are  very  definite  but  cannot  be  considered  at  length  here 
as  they  belong  in  the  department  of  eye  diseases. 

Nasal  and  Frontal  Sinus  Headaches. — Either  through  reflex  or 
direct  mechanical  irritation,  the  end  filaments  of  the  trigeminus  may 
be  affected  within  the  nasal  and  frontal  sinuses. 

As  is  well  known,  acute  swelling  of  the  nasal  mucous  membranes 
gives  rise  to  a  heavy  feeling  in  the  head,  and  when  the  exudation  is 
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excessive  or  persistently  kept  up  within  these  frontal  and  accessory 
sinuses  chronic  headache  is  a  frequent  result. 

In  the  acute  forms  of  frontal  sinus  inflaminations,  the  headache  is 
usually  sharp,  located  in  the  frontal  region,  strictly  localized  between 
the  eyebrows,  and  not  infrequently  the  skin  in  that  region  is  tender 
to  touch,  and  may  also  be  positively  painful.  This  tenderness  to 
pressure  may  extend  over  the  mallear  prominences,  especially  when 
the  accessory  sinuses  are  involved  in  the  acute  exudative  swelling. 

Transillumination  affords  the  best  method  of  determining  the  degree 
of  swelling  within  the  sinuses.  The  swollen  mucous  membranes  stand 
out  prominently^  and  obliteration  or  filling  of  the  sinuses  is  at  once 
apparent  when  inflammatory  reaction  is  accompanied  by  pus  for- 
mation. 

This  also  is  frequently  diagnosticated  more  particularly  by  an 
extension  of  the  pain,  its  increase,  and  the  not  infrequent  presence 
of  pulsation.    Transillumination  shows  the  blocked  sinuses. 

Gros  has  shown  that  bony  conduction  is  frequently  complicated 
in  these  sinus  disturbances,  and  his  test  by  means  of  tuning-forks, 
alternately  placing  the  foot  of  the  fork  to  one  or  the  other  side  of  the 
nasal  bones,  frequently  gives  important  information  as  to  the  sinus 
involved.  The  headaches  are  often  extremely  severe,  very  chronic  and 
difficult  to  solve. 

Nasal  polypi  may  be  responsible  for  some  reflex  headaches.  They 
often  offer  obstruction  to  the  circulation  within  the  sinuses,  and  thus 
bring  about  frontal  headaches. 

The  rapid  advances  in  methods  of  investigation  of  the  accessory 
sinus  renders  it  important  that  special  information  be  obtained  if  a 
frontal  sinus  headache  be  suspected. 

Treatment.— Therapeutically  considered,  one  is  invariably  bound 
down  to  symptomatic  therapy.  Small  doses  of  atropine,  combined 
with  aconite,  with  local  astringent  and  emollient  sprays  are  of  service 
in  acute  catarrhal  cases. 

Recent  pharmacological  investigation  has  seemed  to  show  that 
exudate  and  transudate  phenomena  are  largely  dependent  upon 
variations  in  the  mineral  content  of  the  cells  within  and  without  the 
vessel  walls,  and  that  the  mineral  salt  that  plays  the  chief  role  in 
regulating  the  capacity  for  exudation  and  transudation  seems  to  be 
calcium.  This  seems  to  indicate  that  usually  the  calcium  salts  would 
be  of  service  in  the  treatment  of  the  acute  catarrhs  and  therefore 
instrumental  in  bringing  about  a  relief  of  headaches. 

This  is  not  the  place  to  discuss  in  extemo  the  treatment  of  catarrh 
of  the  nose,  and  the  suggestion  is  thrown  out  solely  because  of  its 
bearing  on  the  question  of  acute  and  chronic  headaches  due  to  sinus 
disturbance.  Salicylates  are  of  advantage  in  the  influenzal  types.  In 
the  case  of  polypi  or  other  obstructions  or  of  purulent  sinus  disease 
surgical  intervention  is  imperative. 

It  should  ixot  be  overlooked  that  in  superior  nasal  operations  the 
dangers  of  ethmoid  infection  and  brain  abscess  are  real. 
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Ear  Disease  Headaches. — Headaches  due  to  ear  disease  are  not 
infrequent.  They  are  for  the  most  part  bound  up  with  earaches  or 
with  the  pain  of  mastoid  disease.  Here  tlie  parietal  region  is  the  site 
chosen.  The  pain  is  usually  widespread,  often  increased  by  move- 
ments of  the  jaw,  the  mastoid  is  frequently  painful  to  pressure,  and  the 
general  region  should  be  carefully  investigated,  inasmuch  as  a  headache 
in  this  region,  more  or  less  .persistent  for  some  time,  may  be  the  only 
sign  of  a  beginning  temporosphenoidal  abscess  following  a  middle  ear 
or  labyrinth  disease. 

Headaches  of  a  very  similar  nature  are  encountered  in  disease  of 
the  labyrinth  itself.  Here,  however,  one  obtains  a  number  of  accessory 
symptoms,  such  as  labyrinthine  nystagmus,  which  is  both  rotatory 
and  horizontal,  vertigo,  tendency  to  staggering  gait,  and  other  signs 
due  to  disturbances  of  space  orientation.  The  Barany  tests'are  needed 
for  purposes  of  diagnosis. 

Treatment. — Treatment  here  is  palliative.  When  the  disorder  is 
catarrhal,  belladonna,  aconite,  and  calcium  may  be  employed  for 
catarrhal  conditions,  whereas  surgical  procedures  are  necessary  if  there 
is  pus  or  excessive  tension. 

Bone  and  Periosteal  Headaches. — These  headaches  are  not  frequent. 
They  occur  as  complications  frequently  of  caries,  syphilis,  gummas, 
and  in  traumas.  They  are  closely  localized.  Tenderness  to  pressure 
and  palpation  afford  ready  means  of  diagnosis.  As  a  rule  the  sj^mptoms 
are  not  referable  to  the  headache  alone.  The  treatment  is  purely 
etiological. 

INTRACRANIAL  HEADACHES 

Having  considered  the  more  important  of  the  extracranial  headaches, 
attention  should  be  directed  to  those  of  the  intracranial  region.  Here 
one  can  easily  distinguish  four  large  subdivisions,  although  it  should 
be  borne  in  mind  that  the  dividing  lines  between  them  are  by  no 
means  sharp.   These  are: 

1.  Headaches  due  to  disease  of  the  meninges  proper. 

2.  Headaches  due  to  new  growths  within  the  cranial  cavity,  giving 
rise  to  pressure  within  the  ventricles  or  within  the  brain  substance, 
acting  either  upon  the  cerebral  structures  or  upon  the  meninges. 

3.  Those  due  to  disturbances  in  the  blood  supph'  of  the  brain  or 
to  modifications  in  the  amount  of  cerebrospinal  fluid  within  the 
cerebrospinal  axis. 

4.  Thalamic  headaches. 

As  can  be  seen,  pressure  upon  the  meninges  is  a  common  factor  in 
all  of  these  disturbances,  but  as  has  already  been  pointed  out  the 
meninges  are  not  the  only  structures  containing  pain  receptors,  although 
possibly  the  only  cerebral  structures  containing  pain  receptors  for 
ordinary  touch.  The  cerebral  structures  themselves,  particularly  the 
bloodvessels,  unquestionably  contain  deep  pressure  sensibility  fibers,  so 
that  the  pain  of  intracranial  disturbance  is  a  complex  of  meningeal  as 


154 


THE  TREATMENT  OF  HEADACHES 


well  as  of  the  deep  sensibility  reactions.  Specific  pain  reactions  from 
the  thalami  should  not  be  neglected. 

Meningeal  Headaches. — Those  due  to  acute  disease  of  the  meninges 
will  not  be  considered  here,  as  they  have  been  discussed  already 
elsewhere.  Such  headaches  are  a  constant  accompaniment  of  cerebro- 
spinal meningitis,  tuberculous  meningitis,  pyogenic  forms  of  meningitis, 
such  as  follow  traumas,  middle  ear  or  sinus  disease,  and  the  frequent 
headaches  following  the  postinfectious  diseases,  such  as,  for  instance, 
in  influenza,  typhoid,  etc. 

These  headaches  are  often  very  severe.  They  may  occur  early  in 
the  disease,  particularly  in  the  acute  pyogenic  infections,  and  may  for 
a  time  be  the  only  factors  present.  Thus,  for  instance,  many  cases 
of  poliomyelitis  complain  of  severe  headache  for  at  least  twenty-four 
hours  before  the  general  disease  is  recognized.  Here  the  process  is 
probably  a  meningitic  one. 

Meningeal  headaches  are  usually  both  frontal  and  occipital.  In 
tuberculous  meningitis  it  is  well  known  that  the  pain  extends  to  the 
neck,  and  occupies  the  occiput  almost  exclusively.  The  other  symptoms, 
such  as  rise  of  temperature,  dulness  or  stupor,  stiffness  of  the  neck, 
various  cranial  nerve  palsies,  even  slight  convulsive  phenomena  soon 
establish  the  fact  that  these  headaches  are  upon  a  very  definite  infec- 
tious basis,  and  do  not  belong  to  the  category  of  those  with  which  we 
are  dealing  here. 

Symptoms. — But  there  are  headaches  due  to  subacute  or  chronic 
diseases  involving  the  meninges.  These  are  often  severe  and  occur 
isolated  and  independent  of  other  symptoms.  It  is  upon  this  type  of 
headache  that  certain  emphasis  should  be  laid.  These  headaches  bear 
the  ear-marks  of  chronic  headaches  per  se,  and  do  not  for  a  consider- 
able length  of  time  give  much  indication  of  what  the  causal  factor  is. 
Those  particularly  in  mind  at  the  present  time  are  the  headaches 
of  pachymeningitis  hsemorrhagica  interna,  pachymeningitis  cervicalis 
hypertrophica,  of  serous  meningitis  and  of  syphilitic  meningitis. 

It  has  been  recognized  for  some  time  that  in  hemorrhagic  pachy- 
meningitis headache  may  be  the  only  symptom.  It  is  usually  localized 
and  is  persistent.  Careful  examination  of  the  eye-grounds,  however, 
often  reveals  the  fact  that  there  are  swollen  disks,  or  even  choked 
disks,  but  even  this  may  fail,  in  which  case  puncture  of  the  ventricles 
may  be  the  only  means  of  establishing  a  diagnosis.  In  the  presence, 
however,  of  alcoholism  or  trauma  of  beginning  senility  one  may  sus- 
pect a  hemorrhagic  pachymeningitis,  with  the  oncoming  of  severe 
headache  for  which  no  other  existing  cause  can  be  found.' 

Serous  meningitis  is  often  secondary  to  a  purulent  meningitis  occur- 
ring may  be  many  years  before.  It  may  be  secondary  to  a  frontal 
or  accessory  sinus  disease,  or  to  a  labyrinthitis.  Here  the  headaches 
are  usually  persistent.  They  resemble  those  of  brain  tumor  or  brain 
abscess,  and  it  is  only  with  extreme  difficulty  that  a  diagnosis  of  serous 

'  Blarkburn,  Pachymeningitis  Externa,  Journal  of  Nervous  and  Mental  Disease, 
August,  1911. 
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meningitis  may  be  made.  In  fact,  in  the  majority  of  instances  the 
diagnosis  is  made  either  surgically  or  post  mortem. 

Choked  disk  is  something  to  be  looked  for,  and  stress  laid  upon 
the  etiological  factors  already  herein  indicated. 

It  is  noteworthy  that  following  a  lumbar  puncture,  often  following 
inflammation  of  the  ear,  of  the  mastoid,  or  of  the  accessory  sinuses, 
one  notes  diminution  in  the  swelling  in  the  choked  disks.  This  is  by  no 
means  an  absolute  point,  but  it  is  occasionally  of  diagnostic  import. 

Diagnosis. — The  headache  of  serous  meningitis  is  most  frequently 
mistaken  for  that  of  brain  tumor.  Inasmuch,  however,  as  the  indica- 
tions are  operative  in  either  case  no  serious  blunder  is  made  with  a 
diagnosis  of  brain  tumor. 

Headaches  due  to  syphilitic  meningitis  are  extremely  frequent. 
They  have  been  studied  carefully  for  years,  and  show  certain  features 
which  while  not  absolutely  pathognomonic,  yet  are  sufficiently  so  to 
make  a  diagnosis  with  comparative  readiness.  The  headaches  may 
come  on  early  or  late.  As  a  rule  they  come  on  a  short  time  after 
infection,  often  much  more  acute  and  fulminating  in  character.  They 
are  persistent,  violent,  either  occipital  or  parietal,  and  frequently 
may  be  delimited  by  percussion,  and  are  accompanied  frequently 
by  skin  tenderness.  As  the  tendency  of  the  meningitic  process  is  to 
spread  in  all  directions,  pressure  phenomena,  such  as  choked  disk, 
nausea,  and  vomiting,  are  apt  to  be  absent,  whereas  irritative  phenomena, 
as  sensory  signs,  tingling,  increased  tendon  reflexes,  fugitive  transitory 
aphasias,  cranial-nerve  involvements,  etc.,  are  much  more  likely  to 
appear.  Thus  when  one  finds  widespread,  even  though  fugacious, 
superficial  involvements,  with  considerable  fluctuation  and  wide 
symptomatology,  one  can  suspect  a  superficial,  syphilitic  meningitis, 
especially  in  periods  of  slight  confusion  or  of  mild  apathy. 

Many  of  these  cases  are  associated  with  mild  spinal  syphilitic  spon- 
dylitis, and  occasionally  wdth  symptoms  of  more  serious  import  on  the 
part  of  the  nervous  tissues,  namely,  Argyll  Robertson  pupil  or  other 
anomalies,  irregularities,  inequalities,  etc. 

Examination  of  the  blood  usually  shows  a  positive  Wassermann, 
but  that  of  the  cerebrospinal  fluid  is  as  a  rule  negative,  especially  when 
the  usual  amounts  of  serum  are  used.  Phase  I,  Nonne  reaction  is 
variable,  as  is  also  the  cell  count,  although  slight  lymphocytosis,  10 
to  50,  may  be  expected. 

The  headache  of  a  basal  syphilitic  meningitis  presents  a  certain 
number  of  features  even  more  stereotyped  than  that  of  the  convexity. 
Here  the  headache  is  usually  occipital,  and  it  is  often  violent,  and 
is  frequently  felt  deep  within  the  skull,  behind  the  eyes.  In  both 
instances  there  is  a  slight  tendency  for  the  headache  to  augment  at 
night,  although  this  old  diagnostic  criterion  of  syphilitic  headaches 
is  not  by  any  means  an  absolute  one.  Tenderness  to  percussion, 
strange  as  it  may  appear,  is  very  frequently  felt  most  acutely  over 
the  eyebrows  in  a  syphilitic  meningitis.  Here  the  influence  of  a  contra- 
coupt  blow  is  very  striking. 
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Cranial-nerve  involvements  are  much  more  frequeiu  in  basal  syphilitic 
meningitis.  The  pupils  are  often  involved,  and  one  frequently  finds 
acute  psychotic  outbursts,  often  with  a  paranoid  or  maniacal  coloring; 
occasionally  the  patients  are  depressed.  Polyuria  and  polydipsia 
are  sufficiently  frequent  to  be  striking  phenomena.  Fever  is  as  a  rule 
absent.    Serological  changes  are  those  of  syphilis  of  the  convexity. 

Treatment. — Naturally  the  treatment  is  antisyphilitic.  Salvarsan  is 
by  far  the  best  remedy  with  which  we  are  acquainted,  particularly 
in  those  headaches  occurring  shortly  after  infection.  Inunctions  of 
mercury  are  advisable,  as  are  also  the  hypodermic  injections  of  the 
salicylate  of  mercury.  In  the  headaches  occurring  at  a  comparatively 
remote  date  from  the  time  of  infection,  iodide  therapy  is  also  efficacious, 
and  should  be  combined  with  mercury  or  arsenic.  Here  the  doses  of 
iodides  should  not  necessarily  run  up  above  20  or  30  grains  a  day. 

Headache  in  Tuberculous  Meningitis. — In  this  process  headache  is 
an  early  symptom.  As  is  well  known,  tuberculous  meningitis  occurs 
more  particularly  in  young,  poorly  nourished  children,  or  in  adults 
who  have  other  tuberculous  lesions. 

In  the  former  there  is  frequently  a  history  of  antecedent  restlessness. 
Sleeplessness,  finnicky  eating,  peevishness,  irritability,  crossness,  and 
surliness  are  present.  In  very  young  children  there  is  no  definite 
indication  of  headache,  beyond  the  vague  putting  of  the  hand  to  the 
head,  and  the  constant  fretfulness.  Older  children  complain  to  the 
mother  of  the  pain,  putting  the  hand  over  the  whole  head.  The  pain 
is  apt  to  be  intermittent  and  fleeting  in  the  beginning,  but  becomes 
more  and  more  persistent  as  the  disease  advances,  increasing  in  severity 
and  in  urgency  with  frequent  ups  and  dow^ns.  Emaciation  keeps  pace 
with  the  advancing  headache,  and  there  is  a  constant  modification  of 
temperature,  consisting  of  a  slight  afternoon  or  evening  rise. 

Some  of  these  patients  develop  the  more  e\ddent  signs  of  meningitis 
within  a  week  or  a  month,  others,  however,  develop  more  slowly, 
several  months  in  fact  elapsing  before  the  outbreak  of  a  definite  stupor, 
delirium,  coma,  or  convulsions. 

When  in  this  stage  the  cliildren  lie  in  a  semi-doze  or  stupor,  throw 
themselves  about,  are  restless,  w^hining,  frequently  crying  out  with 
a  sharp  cry,  sometimes  beating  the  head  and  grinding  the  teeth.  An 
irregular  temperature  curve  is  present. 

Older  patients  show  less  restlessness  perhaps,  but  a  dreamy  delirium 
or  confusion,  with  marked  indications  of  cerebral  pain. 

Tuberculous  meningitis  per  se  is  treated  elsewhere  in  this  book;  it  is 
only  while  in  the  prodromal  stages,  when  the  cause  of  the  headache  is 
not  so  apparent,  that  it  is  of  interest  here. 

For  the  headache  per  se  there  is  no  treatment.  Diagnosis  should 
be  made  and  the  treatment  for  the  tuberculosis  be  instituted  as  early 
as  possible.   The  results,  however,  are  not  encouraging. 

Intracerebral  Headaches. — A  large  group  of  headaches  due  to  various 
forms  of  chronic  encc^phalitis,  chronic  ependymitis,  to  abscess,  brain 
tumor,  arteriosclerosis,  general  paresis,  cerebrospinal  syphilis,  etc., 
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may  be  considered  here.  In  these  the  pain  may  be  due  both  to  the 
irritation  of  the  meninges  and  to  pressure  phenomena  within  the 
cerebral  substance  itseh',  with  involvement  of  deep  sensibility.  This 
deep  sensibility  pain  is  found  particularly  in  arteriosclerotic  softenings, 
in  abscess,  in  the  toxemias  of  alcoholism  and  lead,  and  in  the  persistent 
headaches  of  hyperthyroidism  so  frequent  around  the  menopause  period. 

The  special  pains  of  thalamus  involvement  need  separate  considera- 
tion. They  have  characteristics  quite  different  from  other  intra- 
cranial pains,  and  will  be  taken  up  apart.  Whether  such  thalamic 
central  pains  may  be  found  limited  to  the  distribution  of  the  trigeminus 
is  questionable,  especially  to  the  intrameningeal  and  sinus  distribu- 
tions of  the  fifth,  but  at  all  events  it  is  theoretically  possible  that  one 
may  get  isolated  trigeminal  central  pains  due  to  thalamus  lesions, 
just  as  it  is  possible  to  have  pains  of  the  upper  extremities,  or  the 
lower  extremities  due  to  thalamic  lesions  solely. 

Brain  Tumor. — The  differentiation  of  various  forms  of  brain  tumor 
which  may  give  rise  to  headache  is  not  here  contemplated.  Headache 
is  almost  universal  in  brain  tumor,  but  it  should  never  be  overlooked 
that  brain  tumor  may  exist  without  any  headache.  Hard,  compact 
tumors  are  much  more  often  accompanied  by  persistent  headache; 
whereas,  tumors  which  are  of  softer  consistency,  especially  those  that 
are  infiltrating,  such  as  gliomas,  myxomas,  etc.,  may  attain  con- 
siderable size  before  producing  headaches.  It  is  a  characteristic  of  the 
headaches  of  brain  tumors  to  be  persistent.  They  rarely  intermit, 
save  in  the  very  early  stages,  and  even  in  the  free  intervals  a  certain 
continuous  heaviness  is  present.  They  are  liable  to  persist  even  during 
sleep.  Jars,  sudden  movement,  or  conditions  which  tend  to  increase 
intracranial  tension  almost  invariably  augment  these  headaches,  and 
occasionally  a  therapeutic  expedient  which  will  raise  arterial  tension 
will  provide  a  clue  as  to  the  nature  of  the  headache. 

The  location  of  the  headache  varies  considerably,  and  it  is  rarely 
sufficiently  well  defined  to  afford  diagnostic  criteria  for  localization, 
although  careful  percussion  may  afford  valuable  signs  for  this 
purpose. 

It  is  also  observable  that  a  widespread,  severe,  dull  headache  may 
be  combined  with  or  associated  with  one  which  is  more  definite  and 
sharply  localized,  in  which  case  the  severer,  accompanying  pain  may 
afford  a  valuable  localizing  sign.  To  trust,  however,  to  the  site  of  the 
pain  as  a  certain  localizing  sign  is  precarious,  for  the  variations  are 
innumerable.  Pontine  and  cerebellar  tumors  often  give  rise  to  marked 
frontal  headaches;  cerebellar  growths  are  known  to  show  occipital  and 
parietal  pains;  frontal  growths  have  been  known  to  produce  exquisite 
occipital  pains. 

The  definite  conclusion  is  that  the  site  of  the  pain  should  always 
be  carefully  weighed;  it  may  prove  of  inestimable  value  in  localization; 
it  may  be  of  no  value  whatever;  it  should  be,  as  in  all  other  questions 
of  medical  diagnosis,  something  to  be  judged  in  connection  with  the 
other  symptoms,  and  not  rejected  simply  because  of  its  insecurity. 
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As  has  already  been  stated,  percussion  of  the  head  should  never  be 
neglected  in  studying  the  possibilities  of  localization  of  an  intracranial 
growth.  Whereas,  in  perhaps  the  majority  of  cases,  one  obtains  no 
particular  information,  still  there  are  enough  positive  cases,  which 
show  the  sharp,  local  percussion  tenderness  closely  associated  with  the 
involved  area,  to  make  this  procedure  a  routine  one.  Abscesses  and 
cysts  frequently  show  such  sharp,  localizing  tenderness  on  percussion. 

Headache  alone  should  never  provide  the  basis  for  a  diagnosis  of 
new  growth,  to  it,  as  a  rule,  the  symptoms  of  pressure  in  the  optic 
disks  should  be  added.  These  should  consist  either  of  interlacing 
in  the  color  fields,  slight  swelling,  or  the  signs  of  definite  choked  disk. 

Again,  however,  brain  tumor  may  exist,  and  3'et  show  neither  head- 
ache nor  optic  nerve  changes.  This  is  particularly  true  in  infiltrating 
gliomas,  and  occasionally  true  for  frontal  lobe  tumors;  temporo- 
sphenoidal  tumors  may  be  present  for  some  time  without  either  head- 
ache or  choked  disk.  When,  however,  the  more  general  symptoms 
of  nausea,  vomiting,  motor  signs,  or  sensory  phenomena  are  present, 
then  a  definite  diagnosis  of  brain  tumor  can  be  made  and  the  proper 
therapy  instituted.  In  the  study  of  the  motor  phenomena  it  should 
be  recalled  that  mild  hemiplegic  signs,  such  as  increased  spasticity, 
ankle  clonus,  Babinski,  Chadwick,  or  Oppenheim  signs,  presence  of 
synergistic  power  loss,  as  tested  by  the  Babinski,  Grasset,  and  Hoover 
methods,  should  all  be  employed  in  arriving  at  an  estimate  of  involve- 
ment of  the  motor  area,  either  cortical,  subcortical,  in  the  midbrain, 
crus,  pons,  or  medulla. 

The  sensory  signs  of  intracranial  growths  are  too  numerous  to  be 
enumerated  here. 

In  all  lesions  involving  the  sensory  paths,  within  or  below  the  thal- 
amus, sensory  disturbances  are  more  or  less  definite  and  clear.  Pain, 
touch,  thermal  sensibility,  localization,  bony  sensibility  are,  one  or 
more,  apt  to  be  involved,  but  in  lesions  above  the  thalamus  the  sensory 
disturbances  are  usually  more  difficult  of  interpretation.  They  are 
very  much  less  definite,  especially  light  touch.  Astereognosis  may 
be  present  in  involvement  of  the  sensory  paths  anwhere  in  their 
course.  Cerebral  astereognosis  is  readily  distinguishable  from  that 
due  to  peripheral  disturbances. 

The  exact  topographical  localization  of  brain  tumors,  leading  to  their 
surgical  removal,  is  not  contemplated  in  this  chapter.  This  subject 
has  been  considered  elsewhere  in  this  book.  Suffice  it  to  say  that 
treatment,  save  in  the  case  of  gummata,  is  manifestly  surgical.  A  word 
may  be  said,  however,  about  gummata,  which  may  give  all  of  the 
phenomena  of  brain  tumor,  especially  when  found  as  single,  compact, 
hard,  nodular  masses.  These  may  be  present  m  almost  any  region 
of  the  brain,  and  it  should  not  be  forgotten,  as  has  already  been 
intimated,  that  surgical  removal  may  be  a  much  more  expeditious 
and  satisfactory  procedure  than  treatment  by  mercury,  iodides,  or 
any  other  antisyphilitic  remedies.  This  is  particulariy  true  when 
the  gummata  are  large  and  when  they  are  in  the  cortex. 
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The  treatment  of  cerebral  abscesses  is  manifestly  surgical,  as  well 
as  the  treatment  of  cysts.  In  abscess  and  in  cysts  an  antecedent 
history  of  infection,  trauma,  suppurative  ear  disease,  suppurative 
sinus  disease  is  all  important.  Abscesses  and  cysts  may  lie  dormant, 
even  for  vears. 

Hydrocephalus. — An  increase  in  the  amount  of  the  cerebrospinal 
fluid  results  from  a  variety  of  causes.  Such  an  increase  may  be  due  to 
an  inflammation  of  the  ependyma,  or  to  purely  mechanical  blocking  of 
the  aqueduct.  This  latter  may  come  from  pressure  upon  the  corpora 
quadrigemina  or  pressure  on  the  veins  of  Galen. 

The  increase  of  tension  produced  by  this  increase  of  fluid  within 
the  ventricles,  independent  of  its  numerous  causes,  will  bring  about 
an  intense  headache,  varying  w  th  the  amount  of  fluid  within  the 
cerebral  ventricles.  In  congenital  hydrocephalus  this  is  not  apt  to 
be  the  case  there,  for  the  time  being  it  can  be  disregarded,  and  only 
interests  us  in  this  chapter  when  the  process  still  continues  and  acute 
exacerbations  occur  in  the  course  of  a  chronic  hydrocephalus. 

Acquired  hydrocephalus  headaches  are  characterized  by  great 
intensity  and  great  fluctuations.  This  irregularity  of  remission  is  a 
fairly  constant  and  striking  feature.  The  headaches  are  associated 
with  the  general  symptoms  of  intracranial  tension,  choked  disks, 
nausea,  occasional  vomiting,  diminished  attention,  various  degrees 
of  feeble-mindedness  or  retardation,  hebetude,  comas,  or  paralysis. 
Exophthalmos  is  often  present,  nystagmus  frequent,  and  the  head 
may  show  characteristic  signs  of  bony  swelling;  the  percussion  note  is 
often  distinctly  modified. 

Treatment. — The  treatment  of  hydrocephalus  is  distinctly  etiological. 
If  tumors  or  cysts  block  the  ventricles  little  can  be  done,  although 
occasionally  the  tumor  may  be  approached  from  the  outside.  Syphilitic 
ependymitis,  which  is  a  frequent  cause  of  hydrocephalus,  should  be 
attacked  vigorously.  In  the  more  chronic  stages  the  ventricles  may 
be  blocked,  in  which  case  lumbar  puncture  or  callosal  puncture  is  to 
be  tried.  Hydrotherapy,  active  catharsis,  or  any  measures  tending 
to  relieve  or  limit  serous  exudation  are  to  be  put  into  operation. 
Tapping  the  ventricles  and  lumbar  puncture  may  be  repeated  several 
times,  and  it  has  even  been  suggested  that  the  trocar  may  be  allowed 
to  remain  in  the  cord,  or  in  the  ventricle,  allowing  a  few  drops  to 
escape  from  time  to  time. 

HEADACHES  SYMPTOMATIC  OF  TOXEMIAS  OR  OF  GENERAL 

DISEASE 

Toxemias. — Chronic  poisoning  by  lead,  alcohol,  indican,  arsenic, 
iodine,  iodoform,  copper,  opium,  bisulphide,  and  a  number  of  other 
substances  may  give  rise  to  acute  or  chronic  persistent  headaches. 

The  encephalitis  of  lead  as  well  as  those  of  alcohol,  arsenic,  and  other 
metallic  poisonings  are  most  frequently  complicated  by  a  severe 
nephritis,  which  in  its  turn  contrilnites  to  the  headache.    Here  the 
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headaches  are  obvious.  The  milder  cases  are  described  as  pressures, 
heavy  feeUngs,  quite  analogous  to  the  so-called  neurasthenic  type  of 
headache.  In  the  more  severe  cases  the  headache  is  extreme,  may 
be  associated  with  mental  hebetude,  occasionally  with  convulsive 
movements.  In  lead  poisoning  the  color  of  the  gum  line,  the  presence 
of  albumin  in  the  urine,  changes  in  the  blood,  basophilia,  signs  of 
neuritis,  all  aid  in  the  diagnosis. 

Here  the  therapy  is  directed  toward  prevention.  Among  lead-workers 
greater  cleanliness  is  the  first  requisite,  for  in  the  vast  majority  of  cases 
lead  salts  are  transferred  from  the  fingers  to  the  food  and  from  the 
food  to  the  mouth.  Miners  working  in  lead  dust  or  other  workers 
in  occupations  in  which  lead  salts  float  in  the  air  should  wear  special 
masks. 

In  those  patients  in  whom  the  lead  gains  access  through  the  stomach 
the  use  of  a  very  dilute  sulphuric  acid  lemonade  is  orthodox.  It  should 
not  be  forgotten,  however,  that  many  sulphuric  acids  contain  high 
percentages  of  lead,  and  this  factor  should  be  eliminated.  Hj'dro- 
therapy,  active  elimination,  and  a  diet  rich  in  fat  is  desirable. 

In  chronic  nicotine  poisoning,  particularly  that  resulting  from 
excessive  cigarette-smoking,  occipital  headaches  are  very  frequent. 
They  are  due,  as  all  other  toxic  headaches,  to  a  multiplicity  of  causes, 
of  which  the  nicotine  is  the  exciting  moment.  The  changes  occurring 
in  the  nerve  tissues  are  not  well  known,  but  the  alterations  in  blood 
pressure  can  be  readily  demonstrated. 

Acute  alcoholism  and  acute  morphinism  are  both  associated  with 
severe  headaches.  In  the  former  hyperesthesia  of  the  scalp  is  charac- 
teristic, in  the  latter  headaches  are  not  infrequently  basal,  occipital, 
and  associated  with  much  itching,  particularly  of  the  nasal  mucous 
membrane  and  of  the  skin. 

Therapeutic  relief  is  obvious.  Emesis  and  catharsis  are  indicated. 
Stomach  washing  is  grateful  as  well  as  useful.  The  headache  of  an 
acute  drunk  should  be  treated  by  prompt  and  continuous  catharsis, 
by  eliminative  hydrotherapy,  by  stomach  washing,  and  by  feeding. 
Analgesics,  such  as  antipyrine,  phenacetin,  or  bromides,  may  be  used 
as  surrogates,  but  are  of  comparatively  secondary  importance  in  the 
treatment  of  these  conditions. 

Nephritic  Headaches. — These  are  caused  in  part  by  toxemia,  in 
part  by  alterations  in  the  circulation  within  the  cerebral  vessels. 
Chronic  nephritis  with  contracted  kidney  is  more  particularly  associated 
with  chronic  headaches.  These  headaches  are  in  general  heavy,  dull, 
diffuse;  they  make  the  patients  feel  miserable.  They  complain  of  an 
inward  misery,  and  such  pain  in  conjunction  with  the  presence  of 
albumin  in  the  urine,  and  diminished  secretion  of  urea,  of  high  blood 
pressure,  possibly  of  an  all)uminuric  retinitis  establish  a  diagnosis. 

Treatment  of  nepliritis  itself  does  not  come  within  the  purview  of 
this  work,  and  it  should  be  sought  for  in  works  on  general  therapy. 

Diabetic  Headaches. — They  are  of  the  heavy,  diffuse,  pressure 
type,  not  infrequently  associated  with  sharp  neuralgias  throughout 
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the  body;  the  arms  and  the  face  being  sites  of  special  predilection. 
Diabetic  coma  is  usually  preceded  by  increasingly  severe  headache. 

Diagnosis  is  founded  upon  the  accessory  symptoms;  the  finding  of 
sugar  in  the  urine,  high  specific  gravity  of  the  urine,  thirst,  itching 
of  the  skin  are  among  the  most  valuable  of  these  accessories. 

The  treatment  is  naturally  for  the  underlying  condition. 

Leukemic  Headaches. — Headaches  of  leukemia  are  also  of  this 
same  type.  Vertigo,  fainting,  other  signs  of  anemia,  and  diarrhea 
are  present.  Occasionally  a  nodular  leukemia  will  give  rise  to  brain- 
tumor  symptoms.  Arsenic  is  almost  the  only  help  that  we  have. 
Salvarsan  is  of  some  value  in  the  more  malignant  leukemias. 

Anemia  and  Chlorosis. — These  conditions  give  rise  to  severe  head- 
aches, especially  in  young  girls,  particularly  when  poorly  nourished 
and  overworked.  This  is  found  among  factory  hands,  among  industrial 
workers.  Headaches  are  usually  continuous;  they  involve  the  entire 
head,  and  are  either  dull  or  intensely  severe,  sufficient  to  interfere 
with  the  working  capacity  of  the  girl.  It  should  also  be  borne  in  mind 
that  it  is  in  this  class  that  the  frequent  taking  of  headache  powders 
is  especially  disastrous,  since  the  majority  of  these  powders  contain 
acetanilide  or  closely  related  drugs  which  have  a  definite  action  upon 
the  iron  oxygen  interaction  in  the  red  blood  cells.  Drugs  of  the  aniline 
series  fix  this  interchange  and  thereby  diminish  the  functional  capacity 
of  the  iron  in  the  red  blood  cells.  Inasmuch  as  the  amount  of  iron, 
as  well  as  the  number  of  red  blood  cells,  is  diminished  the  further 
reduction  in  the  functional  capacity  of  that  which  is  there  aids  and 
abets  the  original  difficulty. 

One  should  therefore  urge  especially  against  the  indiscriminate 
taking  of  headache  powders  in  this  class  of  patients.  Certain  headache 
powders  are  not  to  be  despised,  especially  those  containing  drugs 
which  do  not  interfere  with  the  oxygen  exchange  of  the  red  blood  cells. 

Therapy,  therefore,  after  diagnosis  is  established  from  the  color  of 
the  patient,  color  index  of  the  hemoglobin,  and  the  diminished  number 
of  red  blood  cells  is  a  matter  of  internal  medicine,  but  iron  and  arsenic 
play  a  large  part  in  the  therapy.  They  are  not,  however,  the  only 
factor,  because  there  would  seem  to  be,  particularly  in  chlorosis,  a 
toxic  factor,  the  precise  nature  of  which  is  not  yet  appreciated,  but 
which  is  apparently  much  relieved  by  careful  gastro-intestinal  therapy. 

Gastro-intestinal  Headaches. — These  are  for  the  most  part  reflex 
in  type.  This  is  best  seen,  for  instance,  in  the  headaches  of  empty 
and  hungry  stomachs.  Acute  indigestion  is  frequently  accompanied 
by  dull  or  severe  headaches.    These  are  mostly  frontal. 

In  hyperchlorhydria  severe  headache  is  not  infrequent,  and  general 
malaise  and  heaviness  of  the  head,  such  as  is  seen  for  instance  in  the 
mildy  seasick,  is  frequent. 

The  headaches  of  constipation  are  frequent.  It  is  really  a  sense 
of  pressure  that  one  feels,  which  is  often  relieved  by  free  catharsis. 
Auto-intoxication  is  not  definitely  established  as  yt^t  as  an  explana- 
tion of  why;  nor  are  all  of  these  headaches,  by  any  means,  reflex;  many 
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of  them  may  be  due  to  pressure  anomalies,  in  wliicli  filled  or  overfilled 
channels  in  the  viscera  bring  about  disturlvd  cerebral  circulation. 
Thus  the  passage  of  a  large  stool  may  give  instant  relief  from  a  headache. 
A  moment's  reflection  will  show  that  this  could  not  be  due  to  any  relief 
from  a  toxin  circulating  in  the  blood,  but  similar  reflection  points  to 
the  relief  as  an  obvious  effect  upon  the  circulation  and  the  visceral 
sympathetic  nervous  system.  The  h^^pothesis  of  auto-intoxication 
falls  singularly  short,  especially  therapeutically,  in  the  treatment  of 
these  headaches.  The  essential  factor  is  improved  motor  adjust- 
ment of  the  intestines,  and  this  means  careful  attention  paid  to  the 
sympathetic  nervous  system. 

Treatment. — The  therapeutics  are  obvious,  but  should  not  consist  in 
the  senseless  giving  of  cathartics.  Probably  there  is  no  more  difficult 
chapter  in  the  whole  of  medicine  than  that  of  the  overcoming  of  certain 
forms  of  constipation  with  their  accompanying  headaches.  Among 
these,  purely  psychical  constipations,  resting  upon  an  anal  erotic  basis, 
should  not  be  overlooked,  especially  as  these  are  among  the  most 
chronic  of  all  the  constipations,  and  are  less  often  reached  by  ordinary 
modes  of  therapy.  They  are  fully  discussed  in  the  chapter  on  the 
Psychoneuroses. 

Headaches  of  hepatitis,  cholangitis,  and  gastroduodenitis  are  due  to 
infection,  toxemia,  and  fever.    They  need  only  be  mentioned. 

Postinfectious  Headaches. — After  a  number  of  diseases,  particularly 
tonsillitis  and  influenza,  severe  persistent  headaches  occur.  These 
headaches,  particularly  postinfluenzal  headaches,  may  be  of  great 
severity,  and  when  combined  in  an  individual  with  overwork,  the 
resulting  malaise  may  be  extreme. .  Such  a  headache  and  such  malaise 
often  create  the  impression  that  the  patient  is  suffering  from  a  tumor 
of  the  brain.  This  impression  is  very  frequently  strengthened  by  the 
fact  that  not  infrequently  a  mild  neuritis,  due  also  to  the  influenza, 
will  produce  a  monoplegic  or  hemiplegic  muscular  weakness. 

These  headaches  are  usually  located  in  the  back  of  the  head.  They 
may  be  dull  or  sharp,  sometimes  resembling  the  pains  of  a  neuralgia. 
It  is  characteristic  that  effort  increases  them,  especially  intellectual 
effort,  such  as  reading  or  doing  any  mental  work  The  moment  that 
one  ceases  to  carry  on  the  intellectual  work  it  not  infrequently  occurs 
that  the  headache  diminishes  in  intensity,  or  may  become  only  an 
underlying  dull  sense  of  heaviness  within  the  head.  During  sleep  or 
walking  the  headache  may  not  be  noticeable. 

Such  postinfluenzal  headaches  often  persist  for  weeks,  or  even 
month  or  more. 

Treatment. — The  proper  treatment  is  by  means  of  elimination  of  tin 
toxin  as  rapidly  as  possible,  which  is  best  carried  on  with  hot  baths 
active  catharsis,  massage  of  the  entire  body,  particularly  of  the  back 
of  the  head,  and  frequent  feeding.    In  some  cases  the  ])atients  cannot 
rest  in  bed  and  a  modified  isolation  treatment  is  impossible.  Here 
graduated  walks,  automobiling,  carriage  riding  is  useful.  Avoidanr< 
of  all  work  is  a  sine  qua  non;  the  patient  is  unable  to  attend  to  any 
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business.  If  the  economical  situation  warrants  it,  nothing  is  more 
advantageous  than  a  sea  trip. 

Analgesics  and  bromides  may  be  used  to  mitigate  the  severity  of 
the  pain,  but  opium  should  be  avoided  under  all  circumstances. 

Syphilitic  Headache. — Headache  is  a  frequent  symptom  in  cerebro- 
spinal syphilis.  If  the  process  is  active  the  headache  is  intense,  if 
latent,  the  headache  is  apt  to  be  dull  but  persistent.  Other  diagnostic 
signs  in  this  disorder  are  an  advancing  neurasthenia,  pupillary  changes, 
serological  and  cytological  findings,  which  may  precede  for  months,  or 
even  years,  not  only  the  headache,  but  also  the  more  obvious  neuro- 
logical signs.  Not  infrequently  in  the  early  stages  of  a  syphilis,  even 
during  an  eruption,  headache  may  be  intense.  These  early  headaches 
are  not  infrequently  hemicranic  or  migrainous  in  character.  They  are 
also  often  occipital;  they  show  a  tendency,  even  in  the  early  stages, 
to  intermission  and  remission,  or  variations  in  intensity  just  as  do 
the  later  headaches  of  syphilis,  especially  increasing  toward  night. 
There  is  a  tendency  for  such  headaches  to  disappear  in  the  daytime. 

Greater  variability  even  marks  the  headaches  of  later  cerebrospinal 
s}T)hilis,  and  the  nightly  exacerbations  are  not  so  persistent  in  the 
later  stages  as  they  are  in  the  early  ones. 

In  general  paresis  this  symptom  is  extremely  variable.  Many 
patients  have  no  headaches  at  all;  many  complain  of  a  disagreeable 
pressure,  and  as  a  rule  such  complaints  are  made  only  in  the  beginning 
of  the  disorder.  In  the  later  stages  of  general  paresis,  headaches  are 
rarely  permanent  features  of  the  symptom  picture,  save  following 
convulsive  seizures. 

Treatment  here  is  naturally  to  be  directed  against  the  syphilis. 

PSYCHOGENIC  AND  PSYCHOTIC  HEADACHES 

A  large  group  of  headaches  falls  under  this  general  category.  Under 
the  former  may  be  grouped  all  those  headaches  which  certain  individuals 
develop  either  as  an  habitual  selfish  reaction  to  avoid  exertion  or  as 
a  defence  interposed  in  response  to  any  interference  with  individual 
egoistic  plans.  Such  headaches  of  course  are  very  useful  as  explanations 
for  refusals  to  accept  the  little  so-called  courtesies  of  social  intercourse, 
but  they  have  a  great  disadvantage  in  that,  being  frequently  indulged 
in,  they  have  a  tendency  to  recur  at  intervals,  which  are  not  altogether 
appropriate  to  the  individual's  plans.  They  therefore  contribute  to 
not  only  increase  personal  selfishness,  but  they  induce  a  state  of 
diminished  resistance  to  more  distinctly  physical  causes  of  headache. 

One  can  also  include  with  justification  the  large  group  of  headaches 
due  to  the  desire  for  alcoholic  or  drug  stimulants.  The  patient  having 
once  tasted  of  the  relief  obtained  by  the  use  of  alcohol,  morphine,  or 
other  narcotics  tends  to  create  situations  which  demand  a  repetition 
of  the  pleasure  obtained  by  the  remedy.  This  form  of  headache  is 
not  infrequent,  especially  among  the  well-to-do.  In  the  life  of  the  demi 
mondaine  as  well  as  the  haute  monde  it  is  almost  universal.    "  Really, 
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my  dear,  I  must  lie  down;  I  have  such  a  headache."  This  is  the 
usual  formula  which  precedes  disrobing,  a  dose  of  a  drug,  a  cocktail, 
or  a  whisky,  an  erotic  novel,  and  a  lazy,  self-indulgent  hour  or  more. 

Treatment  of  this  type  of  headache  is  extremely  difficult.  The 
medical  sycophant  usually  has  great  success.  The  more  stern  and 
ideally  inclined  practitioner  finds  himself  out  of  his  element  in 
attempting  to  handle  this  class  of  individual. 

The  headache  excuse-habit  is  a  universal  phenomenon.  One  reads 
of  it  in  all  autobiographies;  one  hears  it  being  constantly  discussed 
in  the  street  cars;  it  is  the  chief  theme  in  most  polite  conversations, 
and  forms  the  burden  of  complaint  whenever  conversational  topics  run 
low.  Few  people  go  through  life  without  some  headache,  but  no  one 
has  as  much  as  he  complains  of  having.  The  headache  excuse-habit 
needless  to  say  is  pernicious.  As  a  widespread  symptom  of  general 
dishonesty  it  is  revolting  to  the  physician;  as  an  efficient  excuse  it  is 
worn  out. 

One  may  say  that  the  majority  of  the  so-called  neurasthenic  head- 
aches, occurring  in  those  individuals  who  do  not  know  what  to  do  with 
their  time,  are  really  excuse-habit  headaches.  An  indi\'idual  runs  out 
of  energy,  begins  to  be  less  efficient  in  his  labors,  does  not  want  to 
push  himself  or  drive  himself  in  order  to  do  high-grade  work,  and  then 
rigs  up  a  headache  to  explain  it.  Mankind  is  constantly  excusing 
itself  for  its  inefficiencies  and  deficiencies,  and  the  easiest  place  to  lay 
the  blame  is  in  a  headache. 

Neurasthenia  Headaches. — These  are  real  things,  but  as  isolated 
signs  they  are  extremely  rare.  Just  as  a  headache  with  stiff  pupils, 
positive  Wassermann,  positive  globulin  and  cell  count  in  the  cerebro- 
spinal fluid  means  cerebrospinal  syphilis,  so  a  headache,  in  order  to 
be  a  neurasthenic,  must  show  accompanying  and  definite  factors, 
characteristic  ergograph  tracings,  in  the  muscular  sphere,  defects  in 
attention,  loss  of  power  in  addition  experiments,  and  a  whole  series 
of  neurological  reactions  which  the  labors  of  laboratory  workers  have 
established.  The  diagnosis  of  neurasthenia  should  only  be  made  after 
carrying  out  such  a  series  of  examinations.  Every  organic  factor  should 
be  rigidly  excluded. 

Simon-pure  neurasthenic  headaches  are  rare,  and  rigid  psychoanalysis 
frequently  shows  that  emotional  factors  play  a  greater  part  in  their 
development  than  does  overwork.  It  will  be  found,  as  a  rule,  that  these 
neurasthenic  headaches  are  mostly  the  headaches  of  anxiety  neuroses 
in  which  the  unsatisfied  libido,  libido  being  used  in  a  broad  sense, 
occupies  a  prominent  etiological  position.  Moreover,  worry  concerning 
finances,  conduct  of  children,  love  affairs,  unalterable  bitterness, 
economic  sordidness,  etc.,  are  but  a  few  of  the  emotional  factors  that 
occupy  a  far  more  important  role  in  the  production  of  neurasthenic 
headache  than  does  overwork. 

The  true  neurasthenic  should  have  behind  it  toxic  or  fatigue  factors. 
The  postinfluenzal  headaches,  already  written  upon,  could  be  con- 
sidered true  neurasthenic  headaches,  'while  those  just  enumerated  in 
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which  a  Large  emotional  factor  is  present  may  also  be  included  under 
this  rubric,  because  of  the  particularly  fatiguing  effect  of  continued 
emotional  stress. 

Symptoms. — The  prominent  feature  in  true  neurasthenic  headache  is 
the  sense  of  weight  in  the  head.  This  is  of  course  not  pathognomonic, 
but  it  is  always  to  be  borne  in  mind.  The  pain  is  rarel}^  acute,  the  head 
feels  heavy,  some  patients  call  it  woodeny.  The  pressure  is  usually 
occipital,  but  may  be  frontal  or  situated  anywhere  in  the  head.  It  not 
infrequently  goes  from  place  to  place.  The  number  of  descriptive 
phrases  used  is  innumerable.  One  speaks  of  iron  bands  about  the 
head,  another  says  that  he  is  carrying  a  heavy  helmet,  another  can 
hardly  hold  the  head  up  on  the  spine,  etc.  In  the  anxiety  neuroses 
headaches,  dizziness,  or  giddiness  is  not  at  all  infrequent,  the  patient 
feels  as  though  the  head  were  empty^ — as  though  things  turned 
around. 

Another  feature  of  the  true  neurasthenic  headache  is  that  it  is  often 
worse  in  the  morning;  it  may  clear  up  in  the  afternoon  or  evening;  is 
made  worse  by  talking,  writing,  or  by  effort  requiring  concentration. 
Emotional  excitement,  if  prolonged,  raises  these  headaches  to  a  high 
pitch. 

Irritability  is  another  general  sign;  the  petty  pin  pricks  of  life  are 
born  less  gracefully,  and  slight  exhibitions  of  temper,  often  generously 
called  temperament,  increase  the  discomfort. 

Hypochondrical  depression  is  not  infrequently  an  accompaniment. 
It  should,  however,  be  separated  from  the  depression  of  a  mild  manic- 
depressive  psychosis. 

Treatment. — Treatment  of  these  forms  of  headache  has  been  already 
discussed  in  the  chapter  on  the  Psychoneuroses,  Vol.  I. 

Hysterical  Headaches. — Pure  hysterical  headaches  in  the  sense  of 
head-pain  conversions  in  individuals  possessing  an  hysterical  character 
are  those  here  referred  to. 

The  headache  excuse-habit  is  not  included  within  this  group.  True 
hysterical  headaches  are  not  frequent.  Hysterical  clavus,  with  boring 
pain,  sharply  localized,  is  one  of  the  most  characteristic  types,  but 
there  need  be  no  regularity  about  the  hysterical  headache,  since 
that  which  determines  the  location  for  the  conversion  rests  upon 
some  incidental  factor,  possibly  a  blow  on  the  head,  a  fall  on  the 
head,  some  'minor  but  emotionally  accentuated  accident  involving 
the  head. 

The  chapter  on  the  Psychoneuroses,  and  especially  that  on  Hysteria, 
considers  this  subject  in  detail,  and  will  not  be  further  dilated  upon  here. 

Manic-depressive  Headache. — In  mild  attacks  of  a  manic-depressive 
psychosis,  often  spoken  of  as  cyclothymia,  one  has  a  characteristic, 
picture  that  should  not  be  overlooked,  because  in  patients  suffering 
from  this  disorder  suicide  not  infrequently  takes  place,  much  to  the 
chagrin  of  the  physician 

Mild  depression  is  an  underlying  feature  in  these  patients,  yet  they 
may  nevertheless  sedulously  guard  their  mental  attitude.    They  do 
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not  permit  the  outside  world,  nor  even  the  physician,  to  know  how 
depressed  they  are,  because  they  fear  bein^  considered  mentally  dis- 
turbed. They  therefore  project  their  mental  depression  upon  their 
bodily  organs.  Gastro-intestinal  disturbances  and  pains  in  the  head 
are  the  most  frequent  symptoms  complained  of.  These  patients  often 
show  other  mild  physical  anomalies;  they  may  complain  of  their  eye- 
sight, or  of  the  throat,  or  of  the  nose.  Backaches,  urinary  disturbances 
are  frequent,  and  they  often  complain  much  of  constipation.  The 
physical  is  enhanced  throughout,  in  order  to  conceal  the  mental. 
Hypochondriasis  is  the  older  rubric  that  would  envisage  many  of  these 
manic-depressive  headaches. 

Careful  study,  however,  shows  that  these  patients  are  usually  slow 
in  their  reactions;  they  talk  and  move  with  less  promptness  than  is 
their  usual  wont,  saying  in  explanation,  if  attention  is  called  to  the 
fact,  that  the  headache  or  the  indigestion  is  responsible  for  it.  Intelli- 
gence tests,  however,  Bourdon,  addition,  etc.,  show  not  the  character- 
istic neurasthenic  curves,  but  those  of  retardation.  Further  search 
into  the  history  will  also  reveal  other  "neurasthenic"  attacks,  perhaps 
some  periods  of  busy  activity  and  excessive  well-being,  not  infrequently 
a  distinct  outburst  of  excitement,  or  a  frank  depression,  v/hich  the 
relatives  will  attempt  to  explain  away  as  a  "depression"  over  a  love 
affair,  or  "neurasthenia"  over  financial  worry.  The  family  history 
may  show  similar  periodic  outbursts,  of  a  mild  or  a  severe  grade,  in 
collateral  branches;  mild  alcoholic  episodes  may  also  point  in  the  same 
direction.  The  inference  is  that  these  headaches  are  really  signs  of  a 
manic-depressive  psychosis  of  a  mild  grade. 

Treatment. — Treatment  is,  in  the  first  place,  protective.  Other 
features  are  discussed  in  the  chapter  on  the  treatment  of  the  ]\Ianic- 
depressive  Pyschoses. 

Dementia  Prsecox. — Hypochondriacal  headach}^  ideas  are  very  fre- 
quent in  beginning  dementia  prsecox  in  many  patients.  Frequently 
they  appear  under  the  guise  of  "neurasthenia,"  or  the  modern  symbol 
psychasthenia.  Many  complain  of  an  empty-headedness.  It  is  one 
of  the  characteristic  features  of  the  beginning  of  the  habit  disorgani- 
zations upon  which  Meyer  lays  so  much  emphasis,  and  rightly,  of  the 
shut-in  personality  described  by  Hoch,  of  the  useless  day  dreamings. 
and  half-baked  philosophizing  of  the  predementia  phase,  spoken  of 
by  the  present  writer  and  others.  Certain  of  these  dementia  praecox 
headaches  are  of  immense  theoretical  importance.  It  not  infrequently 
happens  in  this  disorder  that  the  patient  has  an  interesting  and  com- 
plex explanation  for  his  headache.  It  is  carefully  mapped  out.  He 
often  can  draw  a  picture  of  it.  Such  a  description  will  not  infre- 
quently contain  very  suggestive  material  of  a  richly  colored  symbolical 
significance.   These  are  significant  and  often  diagnostic. 

Treatment. — A  complete  psychoanalysis  gives  the  only  hope  of  aiding 
such  patients.  This  should  be  made  in  the  early  stages,  as  with  the 
frank  outbreak  of  the  disease  treatment  is  possibly  of  little  avail. 
(See  Chapter  on  Dementia  Preecox.) 
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Symptoms. — The  symptomatology  of  this  affection,  also  frequently 
spoken  of  as  hemicrania,  sick  headache,  bilious  headache  and  the  like, 
is  too  well  known  to  need  detailed  description  here.  At  the  same  time 
it  is  not  as  widely  recognized  as  it  might  be  that  migraine  attacks 
masquerade  under  other  forms,  and  for  this  reason  it  seems  advisable 
to  say  a  word  about  the  so-called  classical  migraines,  as  well  as  of  the 
abortive  and  aberrant  types. 

An  attack  of  classical  migraine  usually  begins  with  a  feeling  of  chilli- 
ness; with  eye  symptoms,  blurring,  floating  scotomas,  which  advance 
to  partial  blindness.  The  patient,  after  fifteen  to  twenty  minutes, 
commences  to  have  a  severe  headache  on  one  side  of  the  head,  or  over 
the  whole  head,  which  is  accompanied  by  throbbing,  by  nausea,  perhaps 
by  vomiting,  by  inability  to  work,  with  hot  flushing  sensations  through- 
out the  body,  and  a  sense  of  distress.  Vomiting,  which  may  continue 
for  hours,  usually  terminates  the  attack,  and  after  a  period  of  sleep 
the  patient  makes  a  complete  recovery.  The  attack  may  last  an  hour 
or  two,  a  day,  or  occasionally  two  or  three  days. 

Numerous  studies  have  shown  that  this  type  of  attack  is  the  excep- 
tion rather  than  the  rule.  Patients  will  have  attacks  of  this  kind 
throughout  a  lifetime,  but  they  will  have  other  shorter  attacks,  which 
will  not  be  recognized  as  migraine;  oftentimes  in  large  numbers,  with 
comparatively  infrequent  attacks  of  the  severer  variety. 

In  an  outline  in  Osier's  Modern  Medicine  I  have  stated  the  opinion 
that  migraine  is  a  very  widespread  disorder — almost  universal.  In  an 
analysis  of  nearly  three  thousand  continuous  patients  at  the  Vander- 
bilt  Clinic,  Department  of  Nervous  Diseases,  less  than  10  never  had 
any  kind  of  headache,  and  in  all  save  about  50  the  headaches  were 
certainly  migrainous  in  character.  Although  fully  fifteen  hundred 
claimed  at  first  that  they  never  had  migraine,  yet  careful  further 
questioning  showed  that  at  frequent  intervals,  once  in  three  or  four 
or  more  years,  perhaps,  nearly  all  had  bad  true  migrainous  attacks, 
while  in  the  intervals  abortive  and  aberrant  migrainous  headaches 
were  comparatively  common. 

The  older  classics  on  migraine  have  regarded  only  the  severe  attacks, 
and  therefore  one  finds  so  many  notions  regarding  heredity  and  the  like. 

If  the  present  attitude  be  correct  that  migrainous  headaches  are 
more  or  less  universal,  then  one's  judgment  concerning  their  frequency 
should  be  based  on  the  abortive  and  aberrant  attacks  rather  than  upon 
the  severe  ones.  Then  it  can  be  seen  that  the  general  attitude  toward 
migraine  must  change  very  materially.  Regarding  the  aberrant  and 
abortive  types,  comparative  studies  have  shown  them  to  be  extremely 
diverse.  There  are  attacks  of  migraine  which  consist  of  chilly  feelings 
only;  there  are  attacks  with  chilly  feelings  and  scotomata;  there  are 
others  with  scotomata  alone;  there  are  some  with  scotomata  and  head- 
ache; there  are  some  with  headache  and  chilliness;  there  are  attacks 
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of  vomiting  alone,  which  are  ])nrely  migrainous;  tliore  are  attacks  of 
flushings  alone  which  are  migrainous;  there  are  even  migrainous,  aphasic 
attacks  recently  described  under  the  head  of  intermittent  claudication; 
there  are  some  pseudo-epileptiform  states,  fainting  states,  etc.,  which 
are  fundamentally  migrainous  in  their  nature,  and  one  might  go  on 
expressing  the  variants  which  a  migrainous  patient  might  reveal. 

There  have  not  been  enough  studies  of  individual  patients  published. 
Analyses  of  every  attack  occurring  in  a  migrainous  individual  are  desir- 
able, for  they  show  how  rich  the  variable  symptomatology  may  be. 

Etiology. — This  is  not  the  place  to  discuss  the  etiology,  for  the  various 
hypotheses  have  been  numerous,  nor  can  it  be  said  that  at  the  present 
time  any  one  hypothesis  will  explain  all  of  the  phenomena.  A  compre- 
hensive review  of  these  is  to  be  found  in  the  article  referred  to.  The 
present  drift  of  opinion  would  seem  to  indicate  that  the  vasomotor 
hypothesis  is  in  general  the  most  tenable.  This,  as  modified,  means 
that  for  one  reason  or  another,  and  these  reasons  are  numerous,  the 
sympathetic  control  of  the  cerebral  bloodvessels  is  modified,  and  there 
results  in  the  classical  program  a  constriction  of  the  cerebral  blood- 
vessels. There  follows  a  modification  in  the  flow  of  the  cerebrospinal 
fluid  within  the  ventricles,  intraventricular  tension,  possibly  cerebral 
tension  increases,  causing  pressure  and  the  headache,  which  pressure 
finally  being  relieved  the  attack  is  over.  This  general  hypothesis  of 
intraventricular  tension  as  well  as  intracerebral  pressure  is  not  as  yet 
subject  to  physiological  proof,  but  the  analogies  and  homologies  with 
other  known  facts  concerning  intracerebral  conditions  justifies  the 
conclusions. 

Treatment. — The  problem  of  treatment  then  must  be  viewed  in  its 
largest  aspect.  If  the  general  point  of  view  herein  laid  down  is  correct 
there  is  no  such  thing  as  a  treatment  of  the  diathesis.  There  is  no 
migraine  diathesis  or  constitution.  Migraine  is  a  more  or  less  universal 
attribute  or  possibility,  occurring  in  severer  forms  in  certain  indi^•iduals 
than  in  others  and  appearing  in  severer  attacks  than  others  in  the  same 
individual  at  certain  times.  We  therefore  believe  it  to  be  senseless 
to  treat  a  patient  for  a  migrainous  constitution,  and  furthermore, 
believe  that  an  appeal  to  heredity  is  a  subterfuge  which  permits  one 
to  put  on  intellectual  blinders,  which  prevents  one  from  seeking  for 
those  individual  factors  in  the  environment  which  are  responsible  for 
the  upset  in  the  intracerebral  tensions. 

Therefore,  no  general  treatment  is  rational  which  is  not  individual. 
The  laying  down  of  general  laws  is  superfluous  if  not  farcical.  There 
is  no  question  but  that  in  some  individuals  emotional  excitement  is 
the  initial  impulse,  while  in  others  the  matter  is  of  an  entirely  dift'erent 
character.  To  treat  both  in  the  same  way,  or  to  regard  both  in  the 
same  light,  and  to  be  met  with  the  same  class  of  therapeutic  apjiroach 
invites  failure  in  at  least  50  per  cent,  of  the  cases.  Insistence  should  be 
made  upon  ascertaining  all  the  individual  factors  provoking  attacks. 

It  is  an  oft-repeated  observation,  which  now  has  the  sanction  of  many 
centuries  behind  it,  that  most  migrainous  patients  get  well  as  they 
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grow  older,  tliat  is  to  say,  migrainous  attacks  are  not  infrequent  in 
youth,  becoming  less  and  less  frequent  in  middle  age.  This  may  mean 
simply  an  habituation  of  the  nervous  system  to  certain  forms  of  stimuli; 
when  naturally  they  cease  to  be  effective,  or  possibly  the  ability  of  the 
brain  and  the  brain  spaces  to  handle  varying  degrees  of  intracerebral 
tension  gradually  improves. 

On  the  other  hand  it  is  found  that  certain  migraines  begin  in  later 
years,  and,  under  the  same  formula  of  interpretation,  one  must  assume 
•  that  new  conditions  are  arising  which  interfere  with  the  adaptability 
of  the  cerebral  structures  to  take  up  these  variations  in  intracerebral 
pressure.  Pathologically  this  would  seem  to  be  the  case  with  these 
migraines  of  later  years,  for  in  a  large  majority  of  cases  it  is  found  that 
an  advancing  arteriosclerosis  is  the  most  important  factor. 

Not  infrequently  other  organic  disease  of  the  brain  is  present;  and 
in  all  these  later  migraines  it  is  important  to  bear  in  mind  the  possi- 
bility of  a  cerebral  tumor,  occasionally  syphilitic  gummata. 

This  is  not  the  place  to  take  up  the  etiology  of  many  of  these  so- 
called  symptomatic  migraines,  for  one  can  say  that,  as  a  rule,  late 
appearing  migraines  are  apt  to  belong  to  this  so-called  symptomatic 
class.  The}^  represent  the  general  inability  of  the  cerebral  structures  to 
handle  variations  in  tension,  brought  about  by  vascular  modifications, 
but  point  to  more  or  less  specific  factors  in  bringing  about  such  a 
disharmony. 

Not  infrequently  these  migraines  are  diabetic,  others  are  nephritic, 
others  are  present  with  exophthalmic  goitre,  particularly  of  the  so- 
called  larval  or  abortive  types.  Thus  many  of  the  migraines  of  the 
menopause  are  expressions  of  hyperthyroid  activity.  Naturally  in  any 
scheme  of  treatment  the  symptomatic  relationship  must  be  sought 
for  and  handled.   The  migraine,  as  such,  is  of  secondary  importance. 

Seen  then  from  this  broader  point  of  view,  the  therapy  of  migraine 
becomes  more  hopeful  than  when  viewed  from  the  standpoint  of  an 
hereditary  affection*  While  the  viewpoint  here  maintained  demands 
a  closer  scrutiny  for  pathological  factors  it  promises  greater  oppor- 
tunities for  successful  therapy.  Naturally,  then,  in  the  majority  of 
cases,  the  treatment  resolves  itself  into  the  control  of  the  attack  as 
such,  followed  by  a  search  for  whatever  accompanying  factors  there 
may  be.  Such  accompanying  factors,  as  has  already  been  indicated, 
may  consist  in  those  forms  of  irritation,  which  acting  upon  the 
vascular  mechanisms,  produce  the  disturbing  changes  in  intracerebral 
tension,  or,  as  in  the  case  of  the  symptomatic  migraines,  it  becomes 
essential  to  bring  into  relief  actual  disturbing  factors  in  the  brain 
tissues  themselves  or  in  other  organs  of  the  body  apart  from  this  hair- 
trigger,  vascular  situation. 

Individual  experience  will  in  large  measure  influence  the  mode  of 
thought  regarding  the  so-called  peripheral  types  of  migraine.  There 
are  many  who,  interested  in  one  or  other  specialty  in  medicine,  have 
considerable  experience  in  the  treatment  of  migrainous  attacks,  which 
seem  to  be  induced  by  some  apparently  trivial  peripheral  disorder. 
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It  is  extremely  difficult  to  express  any  composite  view  concerning 
these  peripheral  excitation  factors,  for  the  eye  specialist  is  apt  to  main- 
tain that  all  migraines  are  due  to  eye-strain;  the  reflex  nasal  paths 
account  for  all  those  seen  by  the  rhinologist;  while  the  neurologist 
is  prone  to  believe  that  he  can  find  an  emotional  cause  for  each  and 
every  upset  in  the  vascular  equilibrium.  The  truth  probably  lies 
somewhere  between  these  extremes,  and  there  seems  no  reason  for 
doubting  that  each  and  all  of  these  types  of  peripheral  factor  play 
a  part  in  the  production  of  some  migraines. 

Accumulated  experiences  through  many  years  seems  to  point  to  the 
gastro-intestinal  tract  as  the  most  important  of  these  peripheral  male- 
factors, but  if  one  bears  in  mind  how  important  a  function  nutrition  is 
for  the  body,  and  how,  theoretically  at  least,  one-half  of  man's  activities 
are  centred  about  his  gastro-intestinal  tract,  it  is  very  evident  why 
this  portion  of  the  body  has  appeared  so  important  in  the  production 
of  so  many  different  disorders.  An  historical  survey  of  medicine 
shows  that  the  gastro-intestinal  tract  has  been  the  great  citadel  from 
which  have  emerged  nearly  all  of  the  ills  to  which  flesh  has  been  heir. 
With  advancing  years  this  storehouse  of  woes  has  been  slowly  depleted, 
and  now,  apart  from  purely  organic  disease  in  the  gastro-intestinal 
tract,  one  finds  that  one  has  to  take  refuge  in  vague  terms  such  as 
auto-intoxication,  enteroptosis,  sluggishness  of  intestinal  movements, 
etc.,  to  maintain  the  supremacy  of  this  old  Bluebeard  in  the  etio- 
logical domain. 

Superstition  dies  hard,  and  the  amount  of  magic  still  intertwined 
about  all  medicine  is  difficult  to  eliminate. 

The  practical  inference  to  be  drawn  from  these  considerations  is 
that  where  peripheral  disturbances  are  found  they  should  be  corrected. 
It  is  absurd  for  a  patient  to  have  to  wear  glasses,  or  to  have  painful 
operations  on  the  nose,  or  to  have  to  wear  an  abdominal  belt,  or  have 
an  intestine  looped  up  here,  or  a  kidney  fastened  there,  to  have  a 
uterus  tilted  to  the  right  or  to  the  left,  up  or  down,  to  have  an  ovary 
excised  or  what  not,  just  because  the  patient  has  an  attack  of  migraine 
once  in  three  or  four  years,  or  even  once  in  three  or  four  months.  If 
the  various  peripheral  mechanisms  are  sufficiently  distorted  to  bear  a 
definite  causal  relationship  to  a  migraine,  then  constantly  operative 
causes  should  induce  more  constant  effects.  A  floating  kidney,  a 
loose  intestine,  an  unbalanced  eye  does  not  get  out  of  gear  once  in 
three  or  four  months  and  produce  its  migraine.  If  it  has  anything 
whatever  to  do  with  migraine  the  chances  are  that  the  migraine  will 
be  much  more  constant,  because  if  a  cause  at  all  it  will  be  nuich  more 
persistently  active.  The  procedures  outlined  rather  briefly  therefore 
have  no  warrant  in  the  treatment  of  the  migraine  alone.  When  pro- 
ducing other  disturbances  as  well  as  migraine  they  may  be  considered, 
but  such  consideration  does  not  belong  to  this  chapter. 

Certain  migraines  unquestionably  have  been  helped,  if  not  entirely 
cured,  by  the  correction  of  these  peripheral  disturbances.  They  are 
few,  however,  and  have  been  for  the  most  part  usually  mild,  or  in 
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some  severe  cases  the  peripheral  disturbance — eye-strain,  ear-strain, 
constipation — has  been  extremely  marked. 

Certain  gastro-intestinal  factors  need  to  be  emphasized,  however, 
even  bearing  in  mind  the  warning  concerning  one's  psychological 
attitude  toward  the  stomach.  Certain  articles  of  diet  are  certainly 
tabooed  for  many  persons,  but  in  these  cases  the  patient  usually  has  a 
fairly  good  idea  himself  of  the  situation.  One  should  pay  proper  at- 
tention to  these  dietary  restrictions,  yet  every  patient  should  be  tried 
out  on  all  his  beliefs.  One  should  put  to  the  test  the  ideas  that  the 
individual  has  with  reference  to  certain  prescribed  or  tabooed  articles, 
and  see  for  one's  self  whether  the  belief  be  well-found  or  not.  In  this 
field  one  will  meet  with  some  extremely  interesting  experiences,  and 
it  will  be  found  that  a  few  migraines  seem  to  bear  a  very  definite 
correlation  to  reactions  which  are  closely  allied  to  the  so-called  urticaria 
or  serum-disease  reactions,  which  in  the  domain  of  dermatology  are 
of  so  much  theoretical  as  well  as  of  practical  importance.  (See  Vol.  II, 
Chapter  X,  for  a  discussion  of  these  reactions  and  vascular  disease.) 

These  migraines  bear  a  very  definite  relationship  to  certain  types  of 
foods,  and  the  migraine  follows  with  almost  mathematical  regularity 
the  ingestion  of  these  foods,  just  as  is  well  known  for  instance  that 
certain  individuals  cannot  take  strawberries  without  having  an  urti- 
caria. Just  what  the  food  is  for  the  particular  individual  cannot  be 
stated  a  priori,  nor  is  the  connection  between  the  food  and  the  reaction 
always  of  the  same  kind.  Thus,  certain  individuals  develop  migraine 
after  an  excessive  carbohydrate  intake.  This  is  not,  strictly  speaking 
at  least,  a  form  of  reaction  allied  to  the  serum-disease  reactions  just 
alluded  to,  it  possibly  has  relation  to  excessive  fermentation  and  pro- 
duction of  alcohols  or  other  related  chemical  bodies.  Along  a  similar 
line  of  thought  one  must  consider  the  ingestion  of  alcohols.  Here 
there  is  very  frequently  a  relation  between  alcohol  intake  and  migraine. 
This  is  particularly  true,  as  is  well  known,  for  champagne,  and  for  the 
large  majority  of  individuals  the  dry  champagnes  produce  more  head- 
ache than  the  sweet  ones,  notwithstanding  the  more  or  less  general 
belief  to  the  contrarv. 

One  cannot  here  discuss  the  various  alcoholic  drinks,  because  the 
reaction  is  nearly  always  individual,  and  one  must  inquire  rather 
carefully  into  the  experiences  of  the  individual  referable  to  alcoholic 
intake  and  migrainous  aftermath. 

Excessive  fat  intake — sausages,  fried  food,  and  the  like,  so-called 
rich  food — often  bears  a  definite  relationship  to  migraine  and  it  is  not 
at  all  unlikely  that  for  certain  individuals  certain  foods  should  be 
tabooed. 

All  of  these  questions  are  as  yet  matters  based  upon  very  insecure 
foundations.  Our  ideas  concerning  them  are  descendants  of  century- 
old  feelings.  We  are  unable  as  yet  to  explain  the  chemical  or  biological 
rationalism,  and  are  therefore  guided  largely  by  empiricism.  Such 
empiricism,  however,  has  always  been  found,  when  viewed  in  the  large, 
to  contain  psychological  truth  if  not  actual  truth,  and  until  such  actual 
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truth  in  terms  of  clicniical  formula  can  be  demonstrated  a  certain 
amount  of  consideration  must  be  given  to  the  empirical  beliefs. 

If  such  factors  as  malaria,  gout,  lead  poisoning,  etc.,  can  be  demon- 
strated to  be  present  naturally  these  should  receive  their  proper 
treatment. 

It  is  the  author's  attitude  that  there  is  little  reliable  evidence  to 
support  a  belief  in  what  is  known  as  a  migrainous  constitution,  and 
that  therefore  complicated  rules  of  living,  with  senseless  restrictions 
of  all  kinds,  are  valueless.  They  are  more  productive  of  semi-invalidism 
than  of  good  health,  and  this  general  line  of  attack  upon  a  migraine, 
namely,  of  overscrupulous,  finnicky  regulation  of  the  entire  life  history 
of  the  individual,  is  worse  than  the  disease  itself.  Therefore,  no  formal 
diet  charts,  no  time  cards  for  getting  up  or  going  to  bed,  nor  rigid 
formulae  for  exercise  are  advised  in  this  chapter.  This  does  not  mean 
that  one  patient  in  ninety-nine  may  not  be  benefited  by  such.  It 
simply  advances  the  argument  that  the  ninety-nine  should  not  go 
through  a  senseless  regime  because  we,  as  physicians,  are  unable  to 
pick  out  the  one. 

Treatment  of  Attack. — This  is  on  the  whole  fairly  satisfactory.  There 
are  few  migraines,  even  severe  ones,  which  cannot  be  benefited. 

Individuality  again  is  essential  in  the  treatment  of  the  attack.  Al- 
though unequal  in  action,  there  are  a  number  of  vasodilators  which 
are  useful  at  the  very  onset.  The  nitrites  and  nitrates  which  have  been 
in  use  for  many  years  can  frequently  be  employed  with  success,  but  a 
careful  choice  must  be  made,  while  it  is  essential  that  the  severity 
of  the  attack  be  well  studied  in  considering  the  dosage  as  well  as 
the  remedy.  Slowly  acting  nitrites,  such  as  the  sodium  salts,  are 
valueless.  Probably  a  mixture  of  nitroglycerin  and  er\i:hroltetra- 
nitrate  will  be  found  to  produce  the  greatest  effect.  The  powerful 
character  of  the  nitroglycerin  gives  immediate  relief,  while  its  evan- 
escence is  counteracted  by  the  steadier  action  of  the  er\i:hrol,  the  slower 
working  of  which  maintains  the  effect.  As  stated,  slowly  acting  nitrites 
are  of  no  value.  By  the  time  they  begin-to  take  effect,  cerebral  pressure 
has  been  reduced  by  vomiting,  etc.,  and  the  stage  of  usefulness  of  the 
vasodilating  remedies  has  gone  by.  Nitrates  and  nitrites  are  prac- 
tically worthless,  excepting  only  in  the  vasoconstriction  stage,  and  in 
many  individuals,  for  reasons  as  yet  unknown,  they  have  no  remedial 
effect  at  all.  When  administered  too  late  they  increase  a  later  vaso- 
dilatation, and  only  cause  increased  pain. 

Analgesic  vasodilators  are  found  to'  be  of  the  greatest  service.  An 
exact  knowledge  of  their  chemical  structure  should  be  gained  in  order 
to  obtain  the  best  results.  Each  item  of  their  action  must  be  carefully 
studied,  for  one  must  take  into  consideration  the  fact  that  although 
they  are  closely  related  in  their  general  effects,  there  are  specific  differ- 
ences in  the  pharmacological  action  of  these  analgesics.  Precise  in- 
formation on  these  points  is  therefore  necessary  to  insure  the  highest 
efficacy  of  treatment.  A  long  and  ever-increasing  list  of  these  remedies 
gives  ample  opportunity  for  adaptation  of  the  remedy  to  the  individual 


OPHTHALMIC  MIGRAINE 


173 


patient,  always  bearing  in  mind  that  not  only  must  the  dosage  be 
correlated  to  the  severity  of  the  attack,  but  that  tolerance  to  any  par- 
ticular drug  is  bred  by  frequent  repetition  in  use.  It  is  well  therefore 
to  vary  the  analgesics.  Antipyrine,  acetanilide,  phenacetin,  pyramidon, 
and  tile  related  salicylic  compounds  (aspirin,  etc.)  are  all  useful, 
especially  antipyrine,  wliich,  although  not  always  applicable,  is  par- 
ticularly valuable  because  of  its  rapidity  of  solubility  and  action. 
Acetanilide,  either  alone  or  in  combination  with  related  analgesics,  is 
of  service,  as  are  also  the  bromides  and  caffeine,  although  the  latter 
is  very  much  overrated,  and  is  useful  chiefly  in  abortive  attacks  or  to 
disperse  the  remnants  of  a  severe  attack.  The  bromides  and  chloral 
may  be  used  in  mild  attacks,  in  which  they  will  be  found  probably 
sufficient,  the  more  powerful  remedies  being  reserved  for  more 
severe  attacks,  and  the  treatment  being  adapted  to  the  needs  of 
the  individual  occasion. 

It  is  of  the  greatest  importance  to  be  able  to  modify  the  analgesic 
from  time  to  time  and  also  even  more  valuable  to  administer  a  happy 
combination  of  analgesics  which  for  the  individual  attack  is  most  ser- 
viceable. The  members  of  this  general  group  of  analgesics  act  in  a 
dual  capacity — some  even  have  triple  activities  to  be  reckoned  with. 
Thus  aspirin  acts  by  reason  of  the  antipyrine  within  it  as  an  analgesic 
and  vasodilator;  the  salicylate  radical  acts  as  a  weak  vasodilator  and 
a  gastro-intestinal  irritant.  Its  analgesic  properties  may  be  highly 
desirable,  its  gastro-intestinal  irritating  activities  highly  disadvanta- 
geous, and  more  in  certain  attacks  of  migraine  than  in  others.  Personal 
experience  with  its  use  has  seen,  at  times,  a  great  increase  in  the 
gastric  symptoms — therefore  I  rarely  rely  upon  it  exclusively. 

If  the  pain  is  excessive  the  more  powerful  analgesics  are  advisable. 
These  are  acetanilide  and  pyramidon — but  they  must  be  given  in  small 
doses.  The  solubility  of  the  analgesics  to  be  used  is  of  importance  to 
know.  A  soluble  analgesic  acts  quickly  for  a  short  time;  as  a  rule 
the  greater  the  insolubility  the  greater  the  delay,  and.  to  a  certain 
extent  the  more  prolonged  is  the  action. 

It  is  of  little  value  thus  to  use  an  insoluble  analgesic  for  short 
migrainous  attacks,  and  of  less  value  to  utilize  the  soluble  ones 
exclusively  for  the  longer  attacks. 

Combinations,  therefore,  are  advisable.  It  is  impossible  to  outline 
the  individual  variations  of  the  analgesics  here.  A  reliable  phar- 
macology should  be  on  every  practitioner's  shelf.  Such  a  work  as 
Cushny  is  invaluable.  Two  evils  should  be  mentioned  with  reference 
to  these  analgesics — yes  three — and  the  last  shall  be  mentioned  first, 
i.  e.,  drug  habit.  Many  people  get  so  in  the  habit  of  utilizing  these 
analgesic  drugs  that  they  fly  to  them  on  the  slightest  approach  of  a 
pain  or  a  discomfort.  Again,  certain  analgesics  by  reason  of  the  wide 
vasodilatation  produced  cause  a  disturbance  in  the  cardiac  mechanism. 
They  are  called  cardiac  depressants,  for  this  and  other  reasons.  Pyra- 
midon and  antipyrine  are  those  that  need  the  most  careful  watching  in 
this  respect.    Another  drawback  is  with  those  containing  the  aniline 
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radical,  acetanilide  being  the  type.  Here  there  results,  from  sufficient 
dosage,  a  locking  of  the  iron,  whereby  its  reaction  with  oxygen  is 
interfered  with.  Cyanosis  and  poisoning  may  result  from  this  dimi- 
nution in  the  oxidizing  capacity  of  the  blood.  Continued  usage  may 
bring  about  chronic  suboxidations — the  importance  of  which  is  not 
yet  accurately  known. 

The  key-note  then  should  be  small  doses  in  combination  and  the 
avoidance  of  excessive  repetition.  It  is  an  economically  absurd  posi- 
tion to  take  that  a  physician  should  be  called  every  time  one  has  an 
ache  or  a  pain.  The  taking  of  analgesic  drugs  cannot  be  stopped  if 
this  alternative,  i.  e.,  calling  in  the  doctor,  is  the  only  one;  the  patient 
doses  himself  in  order  to  save  expense.  Hence  in  dealing  with  a 
migrainous  individual — and  here  in  this  chapter  all  are  conceived  as 
such — there  should  be  a  free  discussion  of  the  whole  situation  with  the 
patient,  economic  factors,  w^hen  necessary,  being  taken  into  full  con- 
sideration. The  patient  should  be  warned  regarding  the  analgesics. 
Such  a  warning  should  not  proceed  from  the  unconscious-advantage- 
to-be-gained  motives,  but  from  a  real  understanding  of  each  indi\'iduars 
human  problem. 

The  combinations  most  frequently  found  advantageous  for  the  indi- 
vidual case  should  be  carefully  recorded.  Personal  experience  has  found 
some  of  these  combinations  to  be  as  follows : 

For  quickly  passing  evanescent  abortive  attacks: 

— Antipyrini   3j 

Caffeine  citrate   gr.  xv 

Elixir  sodii  bromidi  q.  s.  §ij 

5j  q  fifteen  minutes  for  three  doses. 

— Pyramidon,  gr.  v,  with  cup  of  hot  coffee. 

If  the  attack  is  in  the  chilly,  creepy  stage,  with  beginning  scotoma 
and  before  the  headache: 

— Antipyrine   gr.  xv 

Nitroglycerin   EX-  vs 

Elixir  lactopepsin  q-  s.  5j 

5j  q  five  minutes  for  three  doses. 

— Aspirin,  gr.  v  q  ten  minutes  with  cup  of  coffee. 

If  the  attack  is  well  on  and  belongs  to  the  more  obdurate  types: 
— Antipyrine, 

Acetanilide  aa   gr.  v 

Capsulaj  vel  tab.,  no.  x.  One  tablet,  repeat  in  fifteen  minutes.  Take  cup  oi 
coffee,  hot  footbath,  and  lie  down  in  darkened  room.  At  end  of  hour  if  pain  still 
persists  and  if  no  vomiting: 

— Aspirin  5j 

Elixir  sodii  bromidi  .     ,  q.  s.  5ij 

3  j,  repeat  in  twenty  minutes,  two  doses. 

— Pyramidon  5j 

Acetanilide  5j 

Caffeine  citrate  5ss 

Elixir  sodii  bromidi  q.  s.  giij 

3j  q  twenty  minutes  for  three  doses;  repeat  in  two  or  three  hours  if  not  relieved. 
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In  the  mif^raines  of  later  life  chloral  hydrate  in  doses  of  from  2  to  10 
grains  may  be  used  to  advantage.  In  the  menopause  migraines,  with 
marked  disturbance  of  vasomotor  control,  bromide  mixtures  are  of 
great  value,  as  are  also  combinations  with  small  doses  of  aconite  and 
belladonna.  Here,  as  has  been  mentioned,  careful  study  of  the  thyroid 
function  should  be  made.  The  giving  of  fairly  good  doses  of  the 
thyroid,  as  an  experimental  procedure  to  determine  if  hypothyroidism 
or  hyperthyroidism  be  present  or  not,  is  warranted;  also  a  trial  of 
ovarian  or  spermatic  extracts.  Such  trials  should  be  made  under 
strictly  controlled  conditions.  To  tell  the  patient  what  they  are  getting 
— calling  it  something  new  and  of  great  value — perhaps  implying  one's 
own  originality  and  genius  as  having  found  it  out,  this  is  psychotherapy, 
if  not  something  worse,  and  vitiates  the  interpretation  of  the  results. 
All  people  are  more  or  less  influenced  by  their  physician.  The  rapport 
that  exists  should  be  utilized  for  the  patient's  benefit  and  not  be 
converted  into  coin  of  the  realm. 

The  migraines  of  arteriosclerosis  are  treated  from  the  standpoint 
of  the  vascular  disease.  Their  consideration  is  found  in  the  chapter 
on  Senile  States  in  Vol.  I,  and  of  Cerebral  Hemorrhage,  Vol.  II,  chapter 
X,  where  a  full  discussion  will  be  found.  Other  organic  migraines, 
syphilitic,  brain  tumor,  ependymitis  and  the  like,  have  been  discussed 
elsewhere  in  this  and  other  chapters. 

A  few  other  remedies  recommended  highly  in  previous  days  are 
entitled  to  consideration. 

Although  cannabis  indica,  or  cannabis  americana,  has  a  definite,  if 
limited  place,  this  drug  as  well  as  aconite,  which  is  now  rarely  used, 
has  been  practically  superseded  by  the  newer  and  more  efiicient  analge- 
sics. Yet  the  addition  of  cannabis  will  often  prove  of  service  in  attacks 
with  which  much  mental  depression  is  associated.  Care,  however, 
must  be  taken  in  the  selection  of  the  preparation,  as  it  is  an  extremely 
variable  product;  tablet  preparations  especially,  as  a  rule,  being  worth- 
less.  This  may  also  be  said  of  the  volatile  nitrite  preparations. 

In  no  case  should  opium  or  morphine  be  used  except  as  a  last  resort. 
As  a  rule  there  is  no  occasion  for  its  use;  the  analgesics  have  robbed 
migraine  practically  of  its  terrors,  and  it  is  rarely  needed. 

In  the  severe  exhausting  attacks  a  brisk  saline  laxative  should  be 
administered,  and  the  patient  should  be  put  to  bed  in  a  quiet  darkened 
room  and  well  covered,  the  avoidance  of  cold  being  important.  A  very 
hot  bath  will  often  be  found  an  aid  to  comfort. 

Above  all,  each  patient  must  be  treated  individually. 
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THE  TREATMENT  OF  SPASMODIC  DISORDERS 

By  HERMAN  H.  HOPPE,  M.D. 

The  group  of  disorders  considered  in  this  chapter  have  little  intrin- 
sically in  common,  though  on  the  surface  the  resemblances  are  often 
marked.  Conditions  varying  all  the  way  from  the  so-called  functional 
to  well-marked  organic  diseases  are  included.  The  only  warrant  for 
including  such  diverse  disorders  for  treatment  in  a  separate  group  is  a 
purely  practical  one.  Various  disorders,  some  well-defined  diseases, 
others  hardly  more  than  clinical  sj^mptom-complexes  have  this  in  com- 
mon— that  they  are  predominantly  motor  affections,  and  further,  that 
in  many  instances  they  look  sufficiently  alike  on  the  surface  to  make 
it  necessary  to  keep  this  whole  heterogeneous  group  in  mind  in  order 
to  make  a  correct  diagnosis — a  necessary  pre-condition  to  a  rational 
therapy. 

TICS 

In  order  to  approach  the  subject  of  the  treatment  of  these  various 
affections,  it  is  essential  to  draw  a  sharp  line  of  differentiation  between 
spasms  and  tics. 

A  spasm  is  a  reflex  act,  manifesting  itself  in  a  clonic  convulsion  of  a 
single  muscle  or  a  group  of  muscles.  It  is  the  product  of  a  change,  an 
irritation  in  the  muscles  or  nerves  of  the  spinal  or  bulbar  reflex  arc. 
Tic  on  the  other  hand  is  a  psychoneurosis.  It  is  a  voluntary  contraction 
which  has  become  a  habit.  "The  synergic  and  coordinated  muscular 
contractions  of  tic  imply  a  cortical  origin,"  says  Brissaud.  "Among 
the  many  varieties  of  spasm,  clonus,  hj'perkinesis,  it  is  impossible  not 
to  recognize  certain  motor  affections,  certain  movements  of  defence, 
of  expression,  of  mimicry,  certain  gestures  more  or  less  coordinated, 
for  some  imaginary  end,  all  readily  distinguished  from  spasms,  fibrillary 
contractions  and  choreiform  or  athetotic  movements.  It  is  only  logical 
to  attribute  a  somewhat  more  complex  origin  to  these  varying  gestures, 
in  which  the  influence  of  the  will,  however  unperceived  in  the  end,  is 
always  to  be  detected  in  the  beginning.  The  will  may  not  play  a  con- 
scious role,  but  the  cortex  alone  is  capable  of  imitating  such  acts." 

That  tic,  for  instance,  is  of  cortical  origin  can  be  illustrated  by  the 
habit  of  blinking,  and  we  might  contrast  it  at  the  same  time  with  facial 
spasm.  In  facial  spasm  we  see  a  unilateral  tonic  contraction  of  all 
the  muscles  supplied  by  the  facial  nerve.  In  tic  blinking  we  see  a 
(17(i) 
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bilateral  contraction  of  the  orbicularis  palpebrarum,  as  if  in  response 
to  a  corneal  or  retinal  irritation,  a  movement  of  defence.  If  the  con- 
traction of  the  orbicularis  palpebrarum  is  a  lower  motor  neurone  reflex, 
why  is  the  spasm  limited  only  to  a  part  of  the  muscles  supplied  by  the 
facial  nerve?  Why  are  not  the  others  involved?  If  we  presume  that 
only  the  nuclear  cells  or  the  fibers  going  to  the  orbicularis  palpebrarum 
are  involved,  why  is  the  contraction  bilateral  ?  The  movement  makes 
the  impression  that  it  is  premeditated,  purposeful,  and  the  bilateral 
mo\'ements  are  coordinated,  and  hence  they  are  of  cortical  and  not  of 
reflex  origin.  Tic  is  always  associated  with  a  mental  process;  there 
is  always  a  psychological  aspect  to  the  afi'ection,  and  it  may  be 
associated  with  other  evidences,  or  may  be  the  only  indication  of  an 
abnormal  psychic  state. 

Definition  and  Characteristics. — Brissaud  says  that  tic  may  be  defined 
as  a  phj^siological  act,  functional  and  purposeful  in  character,  wdiich 
has  become  a  habit,  purposeless  and  meaningless  in  its  execution. 
The  movements  in  tic  are  limited  not  to  the  muscles  supplied  by  a 
single  nerve  trunk,  but  to  muscles  physiologically  grouped  for  a  special 
function.  There  are  two  separable  elements  in  the  constitution  of  a  tic: 
(a)  A  mental  defect;  (6)  a  motor  defect. 

{a)  A  certain  degree  of  mental  instability  is  a  distinguishing  feature  of 
tic  patients.  They  are  not  insane,  but  are  neuropaths  or  psychopaths. 
The  fundamental  defect  is  a  lack  of  inhibition,  a  weakness  of  the  will. 
In  addition  there  are  often  conditions  of  psychasthenia  in  the  form  of 
morbid  impulses  and  obsessions. 

(6)  The  motor  defect  consists  of  the  production  of  a  motor  reaction 
bv  some  external  stimulus  or  an  idea.  At  first  this  external  stimulus 
or  idea  is  necessary  for  the  production  of  the  motor  reaction,  but  by 
dint  of  repetition  and  in  the  absence  of  the  external  stimulus  or  the 
idea,  the  contractions  continue  habitually  and  automatically  without 
purpose  or  meaning.  In  spite  of  the  fact  that  the  movements  are  fre- 
quent, irregular  as  to  interval,  exaggerated  and  prolonged  in  character, 
evidences  of  coordination  and  purpose  can  usually  be  detected.  Tics 
are  preceded  by  a  desire  for  execution  and  are  succeeded  by  a  feeling 
of  satisfaction.  An  attempt  to  suppress  tics  causes  a  feeling  of  distress 
and  dissatisfaction.  These  contractions  occur  in  attacks,  repeat  them- 
selves at  irregular  intervals,  they  vary  in  frequency,  duration,  and 
degree.  They  can  be  restrained  by  the  will  or  by  distracting  the 
attention  and  usually  cease  during  sleep.  Fatigue  and  emotions  usually 
increase  the  frequency  and  severity  of  the  attacks. 

A  tic  is  a  physiological  act,  which  has  become  pathological  by  being 
evoked  in  the  absence  of  an  adequate  external  stimulus  or  a  corre- 
sponding adequate  psychic  process.  The  act  is  the  product  of  an  irre- 
strainable  psychomotor  impulse.  The  will  may  be  able  to  inhibit  the 
act  to  a  certain  flegree,  but  its  ability  is  limited  and  the  attempt  is 
accompanied  by  a  feeling  of  distress  and  mental  pain,  which  is  relieved 
by  the  motor  explosion. 

Tic  may  be  limited  to  a  single  coordinate  movement,  localized  tic, 
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or  we  may  liave  a  number  of  contractions  occurring  simultaneously, 
or  in  succession,  or  we  may  have  a  generalizpd  movement. 

Etiology. — The  underlying  basis  of  all  cases  of  tic  is  an  hereditary 
or  acquired  neuropatliic  or  psycliopathic  condition.  The  former  is 
the  more  frequent.  It  is  usually  found  that  tic  patients  belong  to 
families  other  members  of  which  are  also  affected  with  some  form  of 
functional  nervous  disorder.  Moreover,  the  patients  themselves  sufl'er 
from  other  manifestations,  usually  psychasthenic  in  character,  either 
obsessions  or  morbid  impulses.  Fundamentally  the  nervous  system 
lacks  automatic  inhibition.  These  patients  are  not  insane,  although 
tics  are  common  in  the  insane,  and  some  tic  patients  later  in  life 
develop  insanity.  Tic  usually  develops  in  young  children,  but  may 
develop  at  any  age,  although  the  onset  usually  occurs  before  maturity. 
Emotional  disturbances,  bad  training  in  childhood,  trauma  can  all  act 
as  exciting  causes. 

The  special  form  of  tic  develops  usually  as  a  result  of  an  external 
irritation,  or  on  the  basis  of  some  idea  or  both  combined.  Thus  as  a 
result  of  a  defect  in  accommodation  or  of  a  conjunctival  irritation,  the 
child  blinks  his  eyelids;  later  on  the  habit  is  established,  the  cause  is 
removed,  but  the  blinking  continues  without  reason  or  purpose.  As 
a  result  of  a  tight  neck-band,  or  an  ill-fitting  coat,  the  neck  is  stretched, 
the  shoulder  is  elevated.  This  attracts  attention,  and  the  patient 
coughs  to  divert  attention  from  these  mo\"ements;  soon  the  neck  is 
twisted,  the  shoulder  shrugged,  and  the  cough  repeated — e^■en  in  the 
absence  of  an  observer,  and  after  the  removal  of  the  irritating  cause, 
and  the  tic  is  established. 

The  evolution  of  a  tic  is  gradual,  its  onset  is  insidious.  I\Ieige  and 
Feindel  say  that  it  always  has  a  tendency  to  invade,  "  being  a  functional 
act,  it  moves  in  the  direction  of  greater  complexity."  INIuscular  groups, 
accustomed  to  act  in  physiological  unison  are  afi'ected  together.  Tics 
constantly  vary  in  amplitude,  degree,  and  frequency.  "We  have  our 
good  days  and  our  bad  quarters  of  an  hour." 

The  tic  may  be  limited  to  one  group  of  muscles,  or  the  same  indi- 
vidual develops  various  forms  of  tic,  which  can  exist  simultaneously,  or 
which  from  time  to  time  may  replace  each  other.  Intercurrent  diseases 
may  arrest  them,  convalescence  reestablish  them.  "A  sense  of  well- 
being  is  a  panacea  (Janet)  for  the  tiqueur."  By  way  of  imitation  tic 
may  appear  epidemically,  viz.:  The  jumpers  of  IMaine,  the  Latah  in 
Malay,  the  IMyriachit  of  Siberia. 

Varieties  of  Tic. — Since  tics  are  physiological  movements,  with  pur- 
pose, turned  into  habitual  movements,  purposeless  and  meaningless, 
we  may  have  as  many  tics  as  there  are  physiologically  grouped  muscular 
movements.  There  are  some,  however,  which  are  more  common  than 
others,  and  these  affect  most  frequently  the  muscles  of  the  face,  neck, 
and  upper  extremities,  since  these  muscles  are  used  most  for  physio- 
logical expression  of  cortical  activities,  and  so  we  may  have  facial  tics, 
unlateral  or  bilateral;  tics  of  the  eyelids,  of  the  tongue,  of  the  muscles 
about  the  nose,  of  the  muscles  of  mastication,  biting  of  the  nails  and 
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lips,  tics  of  the  neck  muscles  (mental  torticollis),  tics  of  the  extrem- 
ities of  the  trunk  muscles,  of  spitting  and  swallowing,  tics  of  speech, 
respiration,  etc. 

Tics  of  Speech. — Tics  of  speech  are  commonly  associated  with  other 
facial  and  neck  tics  and  they  are  caused  by  the  movement  of  the  air 
through  a  more  or  less  contracted  glottis  associated  with  spasmodic 
contractions  of  the  diaphragm.  In  the  absence  of  organic  causes,  tics 
of  speech  occur  when  the  faculty  of  speech  is  not  in  operation,  and 
usually  consist  in  not  only  useless  but  inopportune  utterances.  Aside 
from  fundamental  sounds  and  simple  words,  the  patient  may  precede 
or  follow  a  spoken  sentence  by  words  or  phrases  which  are  inappro- 
priate, which  are  ejaculated  without  intention  or  control,  at  all  times 
and  places,  with  no  relation  to  the  idea  conveyed  in  the  sentence.  Other 
forms  of  tic  are  seen  in  the  form  of  the  ejaculation  of  obscene  words 
or  curses  (coprolalia)  or  in  the  form  of  repeating  words  or  phrases 
just  heard  or  spoken  by  themselves  (echolalia).  In  order  that  the 
ejaculation  of  curses  or  obscene  words  may  be  classified  as  tics,  and  not 
as  a  mere  habit  or  as  a  manifestation  of  some  mental  syndrome,  they 
must  have  the  characteristics  of  abruptness,  impetuosity,  irresistible 
impulse,  independent  of  time,  place,  and  association.  The  patient  is 
conscious  of  the  impropriety  of  the  act,  but  is  incapable  of  resisting 
the  impulse. 

Stammering  and  defects  of  phonation  during  speech  are  not  tics. 
But  tic  often  takes  the  form  of  stammering  and  is  usually  associated 
then  with  other  forms  of  tic. 

Maladie  de  Tic  Convulsive. — Maladie  de  tic  convulsive  (Gilles  de  la 
Tourette)  is  a  syndrome  which  is  developed  in  individuals  on  a  basis 
of  neurotic  degeneracy.  The  tic  is  slow  in  its  onset,  following  perhaps 
a  mental  shock,  limited  at  first  to  the  orbicularis  palpebrarum  or 
some  one  of  the  other  facial  muscles,  then  extending  to  the  neck  and 
shoulders,  and  finally  involving  the  trunk  and  extremities.  The  tic 
reaction  may  occur  simultaneously  in  all  parts,  or  the  various  tics 
may  succeed  each  other.  Speech  and  respiration  are  also  affected. 
Mentally,  there  occurs  obsessions  and  abnormal  impulses,  delusions 
are  developed,  progressive  mental  weakness  becomes  apparent,  and 
finally  dementia  sets  in. 

Pathology. — Tic  is  a  psychoneurosis,  and  the  pathology  is  unknown 
as  it  is  of  other  functional  nervous  states.  Meige  and  Feindel  are 
inclined  to  believe  that  the  phenomena  of  tic  represent  some  con- 
genital anomaly,  some  arrest  or  defect  in  the  development  of  cortical 
association  paths  or  subcortical  anastomoses,  minute  teratological 
malformations  that  our  medical  knowledge  is  still  unhappily  powerless 
to  appreciate. 

Diagnosis. — Tic  must  not  be  confused  with  Jacksonian  epilepsy. 
The  actual  observation  of  one  attack  will  suffice  to  rule  out  the 
latter  condition. 

The  great  majority  of  cases  of  tic  are  very  mild  in  character,  the 
spasms  not  very  violent  or  frequent  and  at  first  sight  might  be 
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mistaken  for  chorea.  If  we  bear  in  mind  that  the  movements  in  tic 
alfect  muscles  physiologically  associated,  simnluLing  acts  purposeful  in 
character,  systematized,  with  more  or  less  long  periods  of  rest  between 
the  contractions,  we  can  easily  rule  out  chorea.  It  is  necessary  to  make 
the  difl'erential  diagnosis,  because  the  prognosis  and  treatment  are 
entirely  different  in  the  two  affections. 

Ticquers  are  not  insane,  as  the  condition  may  resemble  hysteria  but 
only  superficially.  Tics  never  dissapear  suddenly  and  cannot  be 
influenced  by  suggestion  but  only  by  a  prolonged  course  of  habit 
reeducation. 

Prognosis. — The  prognosis  of  tic  varies  with  the  age  of  the  indi- 
vidual, the  mental  capacity,  and  the  methods  of  treatment.  ■\Ieige  and 
Feindel  hold  that  the  individual  can  be  cured  if  he  can  will  to  be  cured. 
A  temporary  remission  must  not  be  mistaken  as  a  cure,  for  the  great 
tendency  of  the  ticquer  is  to  relapse  or  to  change  the  form  of  the  tic 
movement.  Children  frequently  under  the  influence  of  training  and 
correction,  at  times  under  the  influence  of  threats,  drop  these  habits. 
If  there  is  marked  mental  infantilism  or  marked  mental  inferiority 
the  prognosis  is  bad  even  under  most  improved  methods.  The  disease, 
however,  is  usually  chronic,  runs  a  course  of  months,  and  often  persists 
during  the  entire  life  of  the  individual. 

Oppenheim  reports  a  case  of  generalized  tic  in  a  young  girl  which 
stopped  at  the  first  menstruation. 

Treatment. — The  old  idea  that  tic  is  incurable  is  no  longer  held: 
many  cases  are  relieved  by  general  and  special  treatment.  Tic  itself 
does  not  lead  to  insanity,  but  in  some  cases  the  underljdng  mental 
defect  may  be  progressive  and  lead  to  dementia. 

Surgical  Treatment. — We  cannot  warn  too  strenuously  against  the 
surgical  treatment  of  tics.  This  warning  is  especially  uttered  against 
the  surgical  treatment  of  mental  torticollis.  In  all  of  these  cases  the 
result  will  be  paresis,  atrophy,  and  permanent  deformity,  without 
relief  to  the  tic.  The  contraction  will  aft'ect  other  muscles.  In  one 
case  of  the  v/riter's  in  which  not  only  the  spinal  accessory  but  later 
three  or  four  upper  cervical  nerves  were  se\'ered  on  the  affected 
side,  the  patient's  condition  was  not  only  not  relieved  but  spasms 
continued  in  other  muscles,  and  the  discomfort  was  increased  by  the 
weakened  neck  muscles.  Any  successes  which  have  been  obtained 
have  been  in  cases  of  spasm  and  not  of  tic,  and  this  holds  for  torticollis 
as  well  as  facial  spasms. 

Hygienic  Measures. — The  first  indication  for  treatment  in  all  cases 
should  be  a  general  hygienic  one.  Hygienic,  dietic  measures,  the 
regularity  of  a  simple  life  because  these  patient  are  unmethodical  and 
changeable;  tonic  baths  of  short  duration,  simple  non-exciting  foods 
and  a  mental  and  physical  occupation  with  plenty  of  sleep  are  the 
first  indications  for  treatment.  The  general  health  of  the  patient 
should  be  brought  up  to  par. 

Of  the  medicinal  agents  I  have  found  the  regular  administration  of 
sedatives  at  bedtime  to  be  of  value  in  diminishing  the  severity  of  the 
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paroxysms.  Bromide  of  strontium,  in  closes  to  suit  the  age,  usually 
about  30  grains  at  bedtime,  is  perhaps  the  best.  Any  one  of  the  other 
sedatives  can  be  used.  In  the  violent  cases  chloral  or  even  chloroform 
may  have  to  be  used  to  give  temporary  relief.  However,  in  one  case 
of  severe  tic  of  arm  and  leg,  the  use  of  chloral  in  sufficient  quantities 
to  produce  stupor  was  continued  for  six  weeks  without  avail.  Arsenic 
is  useless.  Hydrotherapy  is  of  benefit  in  the  form  of  hot  packs.  In 
children,  isolation  in  the  form  of  a  strict  rest-cure  will  often  effect  a 
cure.  Oppenheim  lays  great  stress  upon  gymnastic  exercises;  these  are 
given  by  competent  instructers  and  are  followed  by  periods  of  rest. 
Electricity  is  of  no  avail,  except  as  a  psychotherapeutic  measure. 
Hypnotism  has  been  reported  as  a  success  in  several  instances,  but  is 
usually  without  avail,  except  in  cases  complicated  with  hysteria. 
Oppenheim  calls  attention  to  the  fact  that  tic  patients  are  usually 
hard  to  hypnotize.  Non-hypnotic  suggestion  has  only  a  temporary 
effect. 

Attempts  on  the  part  of  the  patient  at  perfect  muscular  relaxation, 
attempts  at  keeping  the  body  and  more  especially  the  muscle  groups 
subject  to  tic  at  perfect  rest,  attempts  to  control  the  automatic  and 
emotional  reflexes,  should  be  carried  out  systematically.  The  key  to  a 
successful  therapy  is  the  treatment  of  the  underljdng  psychasthenia. 

Reeducation. — ^Methods  in  reeducation  have  been  evolved  by  vari- 
ous men.  These  methods  are  based  upon  the  recognition  of  the  relation 
between  the  convulsion  and  the  mental  state  of  the  patient.  Oppen- 
heim calls  his  method  inhibition  g^^mnastics;  Brissaud,  Meige,  and 
Feindel,  psychomotor-reeducation.  Pitres  has  devised  breathing  gym- 
nastics. Oppenheim's  method  consists  in  training  the  patient  to  inhibit 
reflex,  defence,  and  emotional  reflex  movements.  Thus,  he  takes  a 
pointed  instrument  and  slowly  approaches  the  cornea  while  admon- 
ishing the  patient  not  to  blink.  Or  the  mucous  membrane  of  the  nose 
is  tickled,  and  the  patient  admonished  to  suppress  the  reflex.  Again, 
physical  pain  or  tickling  is  resorted  to  with  the  command  not  to  draw 
away  the  part  which  is  prodded  or  not  to  yield  to  the  impulse  to  laugh 
or  respond  in  any  way  to  tickling.  These  exercises  are  all  intended  to 
bring  into  play  the  will,  and  to  strengthen  the  power  of  inhibition  and 
the  suppression  of  reflex  movements.  The  method  involves  regularity 
of  routine  and  painstaking  perseverence. 

The  method  of  Brissaud,  amplified  and  extended  by  Meige  and 
Feindel  is  called  the  method  of  reeducation.  The  method  consists  in 
a  combination  of  immobilization  of  movements  with  movements  of 
immobilization.  The  patient  is  taught  to  preserve  immobility  he  is 
taught  to  replace  an  incorrect  movement  by  a  normal  one.  The 
exercises  must  be  graduated,  short  in  duration  at  first.  The  patient 
is  required  to  remain  absolutely  motionless  as  if  sitting  for  a  photo- 
graph, first  for  a  few  seconds,  then  for  a  longer  period  up  to  a  half 
hour.  The  patient  must  be  encouraged  that  he  can  and  must  remain 
immobile.  First  place  the  patient  in  a  sitting  position;  when  this 
has  been  done  satisfactorily,  then  in  a  standing  position.     When  he 
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can  remjiin  immobile  for  a  period  of  time  in  this  position,  vary  the 
position  and  attitude  of  liead,  arras,  and  le^s.  Kventually  he  will  learn 
to  maintain  immobility  of  certain  parts  of  his  body  while  he  is  walking 
or  while  he  is  executing  given  movements  with  his  arms.  All  the  time 
direction  must  be  specially  paid  to  the  patient's  tic. 

The  method  and  its  object  in  training  inhibition  must  be  explained 
to  the  patient,  and  his  interest  and  intelligent  cooperation  must  be 
gained  and  maintained.  At  the  same  time  there  must  be  instituted 
the  discipline  of  movements;  the  movements  must  be  slow,  regular, 
and  accurate,  and  addressed  to  the  muscles  involved  in  the  tic.  The 
period  of  exercise  should  be  short  and  fatigue  must  be  avoided.  These 
exercises  of  immobilization  and  of  movement  should  never  occupy 
more  than  one-half  hour  and  should  be  repeated  three  or  four  times  per 
day.  More  accuracy  and  sustained  interest  are  attained  if  the  exercises 
are  executed  before  a  mirror.  In  order  to  prevent  relapses  the  exercises 
should  be  continued  for  a  long  time  after  the  tic  has  disappeared. 
Just  as  neglect  and  indulgence  on  the  part  of  the  surroundings  fail  to 
correct  bad  habits  and  allow  them  to  be  evolved  into  tics,  so  also  indif- 
ference and  carelessness  on  the  part  of  parents  will  militate  against  the 
success  of  the  treatment.  In  some  cases  antagonistic  movements  or 
gestures  can  be  emploj'^ed.  These  of  course  must  vary  with  the  tic 
movements.  If  the  mouth  is  drawn  to  the  right  the  patient  can  be 
directed  to  draw  it  to  the  left.  If  the  eyelids  are  batted  the  patient 
can  be  directed  to  keep  them  open  for  an  undue  length  of  time.  This 
method  of  antagonism  can  be  applied  to  all  tics. 

Hartenburg  advises  the  use  of  the  faradic  current  to  produce  the 
antagonistic  movements  (Fraenkel),  the  method  of  overcoming  passive 
resistance  to  the  opposing  muscles.  In  all  cases  care  and  supervision 
are  necessary  to  prevent  the  antagonistic  movement  itself  from  becom- 
ing a  tic.  Each  tic  must  be  studied  and  treated  by  special  measures 
which  the  physician  must  elaborate  and  order.  INIeige  and  Feindel, 
for  instance,  give  the  following  as  an  illustration  for  the  treatment  of 
facial  tic:  Every  day,  and  three  times  a  day,  at  the  same  hours — nine, 
one,  and  six — the  patient  is  to  look  at  himself  for  two  minutes  in  a 
mirror,  preserving  absolute  immobility  the  while;  to  read  aloud  for 
two  minutes,  to  speak  in  front  of  the  glass  for  two  minutes,  to  walk 
backward  and  forward  in  front  of  the  mirror  for  two  minutes.  Dur- 
ing the  ten  minutes  of  these  exercises  he  will  endeavor  to  keep  his  facial 
musculature  under  control.  If  the  tic  assert  itself  in  the  course  of 
one  of  the  exercises  he  will  recommence  the  latter,  if  necessary  twice; 
the  third  time  he  will  leave  it  until  the  next  seance.  The  treatment  of 
stammering  for  instance  by  respiratory  movement  is  very  successful. 
A  deep  quick  inspiration  followed  by  a  long,  slow  expiration.  Demos- 
thenes used  present-day  methods  for  the  cure  of  his  speech  defect  by 
declaiming  at  the  sea-shore  with  a  pebble  in  his  mouth. 

Pitres'  method  of  deep  insjjiration  for  the  cure  of  tic  is  as  follows: 
"Supported  against  a  wall,  with  shoulders  braced  back,  the  patient 
is  instructed  to  take  slow  and  deep  inspirations,  raising  his  arms  the 
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while,  and  letting  them  fall  during  expiration.  This  performance  is 
repeated  three  times  a  day  for  ten  minutes  at  a  time.  A  modification 
of  this  method  is  to  have  the  patient  recite  aloud  for  a  part  of  the  time. 
The  object  is  the  same  as  in  the  other  methods,  viz.:  The  fixing  of  the 
attention  on  the  allotted  task,  and  the  suppression  of  the  tic  by  the 
fixing  of  the  attention  on  some  other  task.  The  success  of  the  exercises 
in  the  individual  case  depend  upon  the  ability  of  the  patient  to  con- 
centrate his  attention,  and  the  degree  to  which  he  can  do  it. 

Games  and  sports  which  demand  attention,  skill,  accuracy,  and 
decision  should  be  prescribed.  Manual  training  is  of  great  value,  and 
can  readily  be  made  of  service  on  account  of  the  fact,  that  departments 
for  manual  training  are  a  part  of  most  public  school  systems  today. 
Psychotherapy  is  the  successful  carrying  out  of  the  plans  which  have 
been  laid  down  in  the  above  paragraph.  It  means  that  a  definite  plan  of 
treatment  and  of  movement  has  been  formulated  in  the  mind  of  the 
physician,  and  that  the  necessity  and,  above  all,  the  reasons  for  the 
plan  have  been  conveyed  to  and  impressed  upon  the  mind  of  the  patient ; 
that  the  latter  has  been  convinced  of  the  utility  of  the  treatment,  and 
has  been  instilled  with  the  enthusiasm  necessary  to  develop  patience 
and  perseverance  without  which  success  cannot  be  obtained.  It  con- 
sists in  influencing  the  mind  day  after  day,  week  after  week,  for  months, 
and  even  years,  in  such  a  manner  that  the  exercises  will  be  executed 
each  day  with  the  same  care  and  precision  as  they  were  in  the  begin- 
ning. That  successes  can  be  obtained  is  testified  to  by  many,  that 
only  partial  successes  will  be  frequent,  relapses  many,  and  failures 
often,  is  a  foregone  conclusion  when  we  consider  that  tic  develops  in 
defective  subjects. 

SPASMS 

Definition. — In  contradistinction  to  tic,  it  is  well,  from  a  therapeutic 
standpoint,  to  define  a  spasm,  as  a  reflex  muscular  contraction,  caused 
by  an  irritation  somewhere  within  the  reflex  arc,  either  in  the  centre 
or  in  the  afferent  or  efferent  nerve  trunks.    Spasms  are  characterized : 

1.  By  the  extreme  abruptness  of  the  contraction,  as  if  produced  by 
an  electric  current. 

2.  Spasms  lack  purpose  or  coordination.  They  are  confined  to  some 
nerve  area,  anatomically  limited. 

3.  They  are  not  modified  by  the  will,  attention,  distraction,  etc. 

4.  The  spasms  may  be  attended  with  pain.  It  is  not  preceded  by 
an  irresistible  impulse,  nor  is  its  consummation  followed  by  a  sense  of 
satisfaction. 

5.  The  mental  state  in  spasm  is  not  changed. 

6.  If  the  condition  persists  during  sleep  it  is  likely  to  be  a  spasm, 
although  all  spasms  do  not  persist  during  sleep. 

Spasm  of  the  facial  muscles  (Remak)  constitutes  44  per  cent,  of  all 
localized  spasms.  It  is  a  contraction  of  the  muscles  in  whole  or  in  part 
supplied  by  the  facial  nerve,  reflex  in  character,  independent  of  cortical 
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or  psychic  influences,  and  caused  by  a  dynamic  or  material  lesion  of 
the  reflex  arc,  consisting  of  the  trigeminal  nerve,  the  facial  nucleus,  and 
the  facial  nerve. 

Etiology. — In  a  large  number  of  cases  there  is  a  neuropathic  con- 
dition of  the  general  nervous  system  present.  Owing  to  the  increased 
irritability  of  the  nervous  system  as  a  whole,  reflex  response  to  an 
external  irritant  is  more  easily  elicited  than  would  otherwise  be  the 
case.  The  source  of  the  irritation  is  usually  to  be  found  .somewhere 
along  the  distribution  of  the  fifth  nerve.  Any  irritation  of  the  fifth 
nerve  is  capable  of  exciting  reflexly  a  spasm  of  the  facial  muscles.  Thus, 
typical  spasms  are  usually  seen  during  a  paroxysm  of  tic  douloureux. 
Painful  conditions  of  the  conjunctiva  and  cornea,  carious  teeth,  diseased 
conditions  of  the  nose,  and  the  cranial  sinuses,  irritation  anj'Avhere, 
even  intracranially,  brain  tumor,  orbital  plate  (Oppenheim),  may  be 
the  exciting  cause  of  facial  spasms.  Even  intra-ocular  lesions  may 
produce  facial  spasms,  as  the  writer  has  recently  seen  in  a  case  in  which 
the  only  cause,  aside  from  general  nervousness,  was  a  detachment  of 
the  lower  part  of  the  retina. 

Pressure  or  irritation  of  the  trunk  of  the  facial  in  a  few  instances 
has  been  looked  upon  as  a  cause  of  the  spasm.  In  all  these  cases  the 
question  of  a  simultaneous  sensory  irritation  can  be  raised.  Thus, 
pressure  at  the  base  of  the  brain  by  tumor  or  aneurysm  pressing  upon 
the  facial  trunk,  irritation  of  the  facial  nerve  in  middle  ear  trouble, 
have  been  known  to  cause  the  spasm. 

Any  spasm  of  cortical  origin  caused  by  a  material  lesion  is  not  to 
be  looked  upon  as  a  spasm  in  the  sense  of  this  treatise,  but  as  a 
Jacksonian  epilepsy. 

We  can  hardly  reconcile  our  present  views  of  facial  spasm  with 
observations  in  which  the  exciting  cause  has  been  attributed  to  lesions 
of  the  pelvic  organs,  or  to  pregnancy,  unless  we  admit  the  simultaneous 
presence  of  a  material  lesion  in  the  facial  arc  which  of  itself  was  insuffi- 
cient to  cause  a  reflex  spasm,  the  pelvic  lesion  or  the  pregnancy  acting 
in  the  nature  of  a  secondary  cause.  In  the  vast  majority  of  cases,  how- 
ever, no  demonstrable  irritative  lesion  can  be  found,  and  it  is  assumed 
in  these  cases  that  there  are  molecular  changes  present  in  the  facial 
or  perhaps  even  in  the  cortical  centre,  which  render  them  unstable 
and  incapable  of  withstanding  ordinary,  one  might  say,  physiological 
stimuli.  Sometimes  direct  trauma  of  the  facial  nerve  trunk  causes 
an  attack  of  facial  spasm.  Facial  spasms  are  known  to  follow  head 
injuries.  In  the  absence  of  a  lesion  of  the  cortex,  these  cases  are  per- 
haps a  local  manifestation  of  traumatic  neurosis  and  not  real  facial 
spasm. 

Symptoms. — Facial  spasm  is  usually  limited  to  one  side.  It  may 
involve  all  the  muscles  supplied  by  the  facial  or  only  a  few.  The  digas- 
tric and  stylohyoid  are  usually  not  involved.  When  the  spasm  is  wide- 
spread the  platysma  myoides  may  be  involved.  The  group  especially 
often  involved  is  the  orbicularis  palpebrarum.  Sometimes  the  spasm 
is  limited  to  a  single  muscle  or  to  two  muscles,  viz.,  the  zygomaticus, 
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the  levator  alse  nasi  et  lahii  superioris,  or  tlie  chin  muscles.  The 
contration  of  the  facial  muscles  after  Bell's  palsy  is  usually  a  con- 
tracture and  not  a  spasm.  The  spasm  is  usually  clonic.  It  is  at  times 
very  weak,  at  others  very  powerful.  The  contractions  are  quick, 
lightning-like,  occurring  in  quick  succession,  in  paroxysms,  followed 
by  an  interval  of  rest,  in  which  there  are  either  no  contractions  at  all, 
or  only  w'eak  and  occasional  ones.  Often  clonic  contractions  become 
tonic  and  are  sustained  for  a  short  time,  so  as  to  close  the  eye,  furrow 
the  forehead,  and  draw  up  the  side  of  the  face. 

The  attacks  usually  occur  independent  of  any  external  cause,  but 
are  usually  increased  by  emotional  excitement.  Attacks  can  be  brought 
on  by  chewing,  talking,  or  by  cold  air  striking  the  side  of  the  face. 
Contrary  to  tic  convulsiv  they  are  not  influenced  by  psychic  conditions 
and  cannot  be  controlled  by  suggestion. 

Facial  spasms  of  cortical  origin  are  differentiated  from  the  ordinary 
spasms,  by  the  fact  that  the  spasms  are  apt  to  spread  and  not  remain 
localized  to  the  facial  muscles.  In  the  second  place  a  cortical  facial 
spasm  is  usually  followed  by  more  or  less  marked  paresis. 

Stroking  or  tapping  the  side  of  the  face  is  apt  to  bring  on  a  spasm. 
The  spasm  does  not  interfere  with  the  voluntary  or  emotional  use  of 
the  facial  muscles,  and  does  not  produce  any  subjective  disturbance 
in  the  patient. 

The  course  of  facial  spasms  is  essentially  a  chronic  one,  often  con- 
tinuous, at  times,  with  periods  of  remission. 

Prognosis. — The  prognosis  varies  with  the  ability  to  find  the  under- 
lying cause.  If  the  latter  can  be  found  and  removed  the  spasm  may 
cease.  In  some  cases  the  spasms  have  been  reported  to  cease  sponta- 
neously. The  cases  which  were  cured  after  a  paralysis  of  the  facial 
nerve  offer  one  of  the  indications  for  treatment. 

Treatment. — The  first  indication  for  treatment  is  to  find  the  cause 
if  possible.  The  most  promising  field  is  the  distribution  of  the  trigemi- 
nal nerve.  Look  for  gross  lesions  first.  The  eyes  should  be  investigated, 
especially  for  errors  of  accommodation  and  lack  of  muscular  balance. 
A  number  of  cures  have  been  reported  after  correction  of  these  errors 
not  only  on  the  side  involved,  but  even  on  the  opposite  side. 

Next  in  order  come  the  various  sinuses,  the  frontal  and  maxillarv. 
Just  as  a  purulent  inflammation  at  times  causes  a  tic  douloureux,  so 
it  may  also  cause  a  facial  spasm.  The  nose  and  throat  may  be  the 
seat  of  the  irritating  lesions,  enlarged  turbinated  bones,  or  ulceration. 
Enlarged  tonsils  and  adenoids  should  be  removed  if  found.  Caries 
of  the  jaw  bones  calls  for  surgical  treatment,  ulcerated  teeth  should 
be  looked  for  and,  if  found,  should  be  removed.  At  times  an  a:-ray 
investigation  of  the  jaw  may  reveal  broken-off  and  ulcerated  roots. 

The  ear  should  also  be  investigated  as  a  possible  source  of  trouble. 
In  the  absence  of  any  gross  lesion  we  may  suspect  a  neuritis  or  compres- 
sion of  the  various  branches  of  the  fifth  nerve.  Thus  Starr  advises  the 
method  of  cocainizing  each  branch  of  the  fifth  nerve  in  turn.  In  one 
case  he  cocainized  the  supra-  and  infra-orbital  branches  without  success, 
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then  the  inframaxillary  branch  was  cocainized  and  the  spasms  stopped. 
This  branch  was  then  removed  and  the  patient  was  reheved.  He 
reports  success  in  two  other  cases  investigated  along  the  same  lines. 
If  pressure  on  any  of  the  points  of  the  fifth  nerve  elicits  a  spasm,  this 
branch  may  be  removed.  Mere  section  of  the  nerve  trunk  does  not 
offer  relief. 

In  the  majority  of  cases  no  obvious  irritating  cause  will  be  found. 
All  general  and  medicinal  treatment  of  these  cases  is  without  avail. 
In  some  cases  the  use  of  cocaine  solutions  in  the  nose  has  been  found 
to  be  beneficial.  A  determined  stand  must  be  taken  against  the  use  of 
this  drug,  except  perhaps  in  the  eyes  or  ears,  where  occasional  successes 
have  been  recorded.  But  the  dropping  of  solutions  in  the  nose  will 
surely  lead  to  the  contraction  of  the  cocaine  habit,  not  only  because 
it  affords  only  temporary  relief  in  a  chronic  affection,  but  because 
many  of  these  individuals  are  neuropaths  and  therefore  more  likely  to 
contract  the  habit. 

Diaphoretic  applications,  counterirritants,  mild  galvanism,  with  the 
anode  on  the  trunk  of  the  facial  and  the  cathode  on  the  nape  of  the 
neck,  may  afford  some  relief. 

Nerve  blocking  has  been  resorted  to  in  some  cases  with  success. 
This  consists  in  cutting  down  on  the  facial  nerve  and  stretching  it  to 
a  point  sufficient  to  produce  facial  paralysis.  The  success  of  this 
method  is  only  temporary',  although  in  one  case  the  spasm  did  not 
return  after  two  years. 

A  more  approved  and  equally  successful  method  was  devised  by 
Schlosser  and  frequently  resorted  to  since.  Lately,  Patrick  has  reported 
three  successful  cases  b}^  this  method.  It  consists  in  the  injection  of 
a  70°  to  80°  per  cent,  solution  of  alcohol  into  the  sheath  of  the  facial 
nerve.  The  method  consists  in  introducing  a  protected  needle  along 
the  stylomastoid  process  until  it  reaches  the  facial  nerve  and  carefully 
injecting  the  solution,  a  few  drops  at  a  time,  until  a  facial  paralysis 
is  produced.  The  spasm  stops  at  once,  but  is  replaced  by  paralysis, 
and  when  the  paralysis  disappears  in  six  or  eight  weeks  the  spasm  does 
not  return.  In  the  majority  of  recorded  instances  the  spasm,  however, 
returned  in  from  three  to  seven  months. 

Attempts  have  been  made  to  resect  the  facial  nerve  and  unite  it 
with  the  proximal  end  of  the  spinal  accessory,  but  the  success  of  this 
method  is  in  doubt  because  it  has  not  been  attempted  very  often. 

TORTICOLLIS 

Spasms  affecting  the  muscle  of  the  neck  are  common,  and  notori- 
ously difficult  of  treatment.  Much  light,  howe\'er,  has  been  thrown  on 
this  subject  by  Brissaud,  Meigo,  Feindel,  etc.,  by  calling  attention 
to  the  psychic  origin  of  many  if  not  most  of  these  cases.  There  is 
almost  a  unanimity  of  opinion  today,  that  if  we  exclude  the  cases 
of  torticollis  of  mental  origin,  but  few  cases  of  real  spasm  remain. 
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It  is  a  mistake  to  look  upon  the  disturbance  as  ''a  spinal  accessory 
spasm."  The  spasm  affects  the  muscles  usually  of  one  side,  but  often 
muscles  on  both  sides  are  affected  simultaneously.  It  may  be  limited 
to  a  single  muscle,  or  to  a  group  of  muscles  either  on  one  side  or 
simultaneously  on  both  sides.  The  spasms  may  not  limit  themselves 
to  muscles  supplied  by  a  single  nerve  trunk,  but  may  involve  several 
nerve-trunk  distributions  at  the  same  time,  or  if  one  nerve  trunk, 
viz.,  the  accessorius,  is  resected  the  spasm  affects  other  muscle  groups 
after  the  operation. 

Etiology. — A  true  spasmodic  torticollis  in  contradistinction  to  the 
mental  form  is  caused  bv  some  material  lesion  in  anv  one  of  the  reflex 
arcs,  involving  the  spinal  accessory  nerve  or  the  upper  cervical  nerves. 
These  material  lesions  may  be  adenoids,  diseased  tonsils,  or  what  is 
perhaps  more  frequent,  an  enlarged  and  perhaps  painful  condition 
of  the  cervical  lymphatic  glands.  This  same  relationship  may  exist 
between  middle  ear  disease  and  torticollis,  or  we  may  have  some  lesion 
of  the  muscles,  bones,  or  articulations  of  the  neck. 

Thus  muscular  rheumatism  affecting  the  neck  muscle  may  give  rise 
to  a  tonic  spasmodic  condition  (caput  obstipum  rheumat.).  Some- 
times wr}'-neck  is  congenital,  due  to  an  injury  of  the  muscles  or 
ligaments  of  the  vertebrae  during  birth.  In  this  form  the  muscles 
become  shortened  and  later  on  the  vertebrae  deformed. 

Trauma  of  the  neck  muscles  and  ligaments  occur  occasionally  as 
a  cause  of  torticollis.  In  caries  of  the  vertebral  column  the  resulting 
contracture  of  the  neck  muscles  is  not  a  true  torticollis,  but  it  is 
one  of  the  causes  which  must  always  be  looked  for. 

Organic  brain  diseases,  tumors,  and  cysticerci  of  the  cerebellum  and 
posterior  cranial  fossa  may  so  compress  and  irritate  the  nerves  at  the 
base  of  the  brain  as  to  cause  spasmodic  contraction  of  the  neck 
muscles. 

Ziehen  has  called  attention  to  what  he  terms  disequilibrating  causes 
of  torticollis.  As  a  result  of  a  diseased  condition,  say  of  the  eye  and 
ear  on  one  side  and  consequent  overtaxing  of  this  special  sense  appar- 
atus, the  equilibrium  of  symmetrical  cortical  excitation  is  disturbed,  and 
the  symmetrical  innervation  of  the  neck  muscles,  for  instance,  becomes 
unsymmetrical.  Thus,  in  marked  errors  of  accommodation,  or  in 
cases  of  paresis  of  the  external  eye  muscles  there  occurs  a  secondary 
turning  of  the  head,  which  in  turn  produces  a  permanent  torticollis. 
Intoxication  of  a  general  character  as  well  as  general  exhaustion,  say 
after  childbirth,  may  play  an  etiological  role.  This  may  explain  in 
part  those  cases  which  disappear  after  the  removal  of  diseased  tonsils, 
cases  which  occur  on  the  basis  of  alcoholism  and  metallic  poisons,  or 
after  malaria,  influenza  or  the  acute  infectious  diseases.  The  most 
acute  case  seen  recently  by  the  writer  occurred  a  month  after  deli\  ory 
and  disappeared  after  tonic  hygienic  treatment  in  a  month.  We  can 
picture  these  causes  as  operating  by  producing  an  increased  irritability 
of  the  neurone  centres. 

In  the  vast  majority  of  cases  torticollis  is  developed  without  any 
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irritiitinji;  lesion  to  he  found  anywhere  along  the  eijurse  of  the  reflex 
sensory-motor  arc.  It  develops  usually  on  n  basis  of  neuropatliic  or 
psychopathic  degeneracy.  With  this  factor  as  the  real  cause,  emo- 
tional excitement,  shock,  trauma,  overexertion  of  the  neck  muscles, 
may  be  exciting  causes  of  torticollis.  In  young  children,  spasmus 
nutans  or  muscular  spasm  of  the  neck  may  belong  to  the  latter 
category,  or  perhaps  may  be  due  to  reflex  irritations  arising  from  the 
gums  as  a  result  of  dentition. 

Pathology. — In  wry-neck  we  may  have  pathological  changes  in  the 
muscle,  as,  for  instance,  a  myositis,  a  tear  or  injury,  and  sub.sequent 
cicatricial  degeneration  or  shortening  of  the  muscles.  If  the  ligaments 
are  the  seat  of  the  trouble,  they  may  be  torn,  or  the  joints,  the  seat 
of  trauma.  Caries  of  the  vertebral  column  is  usually  tubercular.  In 
the  majority  of  cases  the  pathology  is  that  of  tics  in  general. 

Symptomatology. — The  spasms  occur  either  tonically  or  clonically. 
Clonic  spasms,  however,  may  have  short  periods  of  tonic  contraction 
with  deviation  of  the  head  in  a  fixed  position  for  a  longer  or  shorter 
period. 

The  tonic  spasms  produce  typical  wry-neck,  and  keep  the  head  in  a 
fixed  position;  the  attitude  varying  with  the  muscles  involved.  These 
tonic  spasms  are  seen  in  rheumatic  affections,  in  traumatic  myositis 
as  seen  especially  in  the  newborn,  and  in  caries  of  the  vertebrae  or 
injuries  to  the  ligaments  and  joints  of  the  cervical  vertebrae. 

The  variations  in  the  attitude  of  the  face  and  head  vary  with  the 
muscle  or  muscles  affected,  and  the  intensity  and  duration  of  the 
spasm. 

The  nodding  spasms  of  children  are  due  to  an  involvement  of  the 
rectus  capitis  and  longus  colli.  Very  mild  affections  of  this  kind  are 
seen  at  times  in  adults,  occurring  as  a  simple  nod  or  with  a  slight  rota- 
tion to  one  side,  produced  by  an  involvement  simultaneously  of  the 
deep  neck  muscles  and  the  sternocleidomastoid  of  one  side.  Nodding 
spasm  may  be  associated  in  children,  with  nystagmus,  which  becomes 
manifest  when  the  head  is  fixed.  Blepharospasm  and  strabismus  may 
be  associated  with  it,  which  would  give  the  whole  picture  the  aspect 
of  a  tic. 

The  muscles  which  are  the  seat  of  the  spasm  may  be  normal  in  size, 
but  in  most  of  the  violent  cases  there  is  developed  a  marked  hypertrophy. 
The  spasmodic  contractions  in  the  ordinary  torticollis  are  not  painful, 
they  are  subject  to  exacerbations  and  remissions,  both  as  to  the  number 
of  contractions  and  as  to  their  severity.  They  may  occur  continuously 
or  intervals  of  rest  of  varying  duration  may  occur. 

Differential  Diagnosis. — We  have  touched  upon  the  diagnostic  points 
which  distinguish  rheumatic  torticollis,  congenital  wry-neck,  and  the 
reflex  contractures  seen  in  caries  of  the  cervical  j)ortion  of  the  vertebral 
column.  As  a  rule,  a  tonic  contraction  or  contracture  of  the  muscles 
with  a  fixed  position  of  the  head,  is  indicative  of  a  local  material  lesion. 

The  most  important  indication  is  the  recognition  of  the  mental  form 
of  torticollis.    In  many  cases  this  may  ofi'er  some  difficulty.  The 
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absence  of  any  evidence  of  local  disease  in  muscle,  bone,  or  ligaments, 
and  the  presence  of  an  hereditary  or  acquired  neuropathic  or  psy  chas- 
thenic condition,  together  with  a  determination  of  the  influence  of 
mental  and  emotional  states  on  the  severity  and  frequency  of  the 
spasms  will  speak  for  the  diagnosis  of  mental  torticollis.  This  is 
especially  true  when  the  spasm  can  be  controlled  by  some  simple 
device  as  putting  the  finger  on  the  chin  or  forehead,  supporting  the 
face  on  the  palm  of  the  hand,  or  as  occurred  in  one  of  the  writer's 
cases,  a  severe  and  violent  retrocollis  could  be  arrested  by  lying  down, 
or  resting  the  back  of  the  head  against  a  chair.  It  is  in  these  cases  of 
mental  torticollis  that  we  have  a  preceding  history  of  mental  trouble, 
or  intercurrent  states  of  hallucinatory  insanity. 

Prognosis. — The  prognosis  varies  with  the  cause.  If  the  local  cause 
can  be  found  and  removed  and  the  habit  has  not  been  firmly  established, 
the  spasm  will  disappear.  If  the  spasm  is  developed  acutely  on  the 
basis  of  an  intoxication,  or  general  exhaustion,  the  outlook  is  good. 

The  nodding  spasms  of  children  have  a  favorable  prognosis.  So 
also  the  mental  torticollis  of  children.  In  the  adult  the  prognosis 
follows  the  general  prognosis  of  tics.  The  prognosis  in  general  is  bad, 
but  a  few  cases  recover  spontaneously.  The  affection  is  essentially  a 
chronic  one,  and  may  persist  during  life,  subject  to  exacerbations 
and  remissions,  both  in  the  number  and  severity  of  the  attacks.  The 
recognition  of  the  mental  element  and  the  treatment  according  to  the 
lines  laid  down  under  the  heading  of  tics  offers  the  only  favorable 
element  in  the  prognosis. 

Treatment. — The  first  indication  in  the  treatment  of  torticollis  is 
to  find  some  material  cause  and  remove  it  if  possible. 

In  the  rheumatic  form  the  first  indication  is  rest  for  the  painful 
muscle.  Internally  free  purgation  and  the  use  of  sodium  salicylate, 
gr.  x-xv  every  two  or  three  hours,  or  salipyrine,  gr.  x,  salophen,  gr.  x, 
and  later  on  colchicum  combined  with  iodide  of  potassium  are  indicated. 
Local  applications  of  heat  in  the  form  of  a  hot  water  bag  or  the  ironing 
method  with  a  small  hot  flat  iron  over  a  moist  piece  of  flannel  goods, 
affords  relief.  The  general  health  in  the  ordinary  form  of  torticollis 
should  be  brought  to  par  by  the  use  of  iron,  quinine,  and  arsenic. 

The  patient  should  be  kept  quiet  and  removed  from  all  influences 
which  excite,  in  seclusion,  if  necessary,  to  rule  out  the  mental  influence 
of  outside  observation. 

The  spasms  can  be  influenced  by  the  use  of  chloral  and  bromides 
taken  at  bedtime.  Morphine  and  opium  are  contraindicated  in  mental 
torticollis.  Their  influence  is  only  temporary  and  the  danger  of  form- 
ing habits  is  great.  Curare  has  been  found  beneficial,  but  like  opium 
and  morphine  should  be  uscrl  only  in  the  violent  cases,  perhaps  during 
the  especially  violent  paroxysms  in  cases  that  are  not  of  the  tic  variety. 
Valerianate  of  zinc,  tr.  gelsemium,  tr.  conin  have  all  been  used  with 
success.  The  use  of  counterirritants  on  the  nape  of  the  neck  and  back 
of  the  ear  have  occasionally  been  found  successful. 

Orthopedic  apparatus  may  be  of  use  in  the  clonic  forms  of  wry-neck, 
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but  obviously  does  not  reach  the  cause.  Papier-mache  collars  have 
been  tlevised,  elastic  bands  so  arranged  as  to  exert  constant  pressure 
upon  the  chin  and  side  of  face  have  been  used,  but  usually  without 
much  effect.  Fixed  dressings  and  apparatus  should  be  avoided  except  for 
those  cases  which  are  caused  by  caries  or  injury  to  the  cervical  vertebrae. 

Electrical  treatment  is  often  used  with  success.  The  galvanic  current 
is  preferable.  If  any  points  of  tenderness  are  found  the  anode  should 
be  placed  over  them,  otherwise  the  anode  is  placed  over  the  region  of 
the  entrance  of  the  spinal  accessory  into  the  sternocleidomastoid,  and 
the  cathode  over  the  nape  of  the  neck.  Patients  usually  weary  of  the 
electrical  treatment,  which  should  be  continued  for  months  and  e\'en  a 
year.  In  some  cases  the  use  of  the  faradic  current  has  been  followed 
by  success,  but  it  is  questionable  whether  electricity  in  any  form  has 
more  than  a  suggestive  effect.  If  the  opponent  muscles  on  the 
opposite  side  of  the  neck  are  weak  from  disuse  and  these  increase 
the  deviation  of  the  head,  improvement  can  be  obtained  by  their 
electrical  treatment  and  massage. 

In  all  cases  the  treatment  described  for  tic,  the  method  of  inhibition 
of  Oppenheim,  the  reeducation  method  of  Brissaud,  Meige,  and  Feindel, 
and  the  respiration  method  of  Pitres  should  be  instituted,  together  with 
general  gymnastic  exercises  and  healthy  out-door  sports.  Good  results 
have  been  reported  from  all  these  methods.  Associated  with  these 
methods  should  be  psychotherapy.  The  patient  should  be  told  con- 
stantly that  he  can  overcome  the  habit  if  he  only  v.  ills  to  overcome  it 
and  has  the  patience  and  endurance  to  develop  this  will  power. 

Hypnotism  is  usually  followed  by  failure. 

Surgical  Treatment. — The  surgical  treatment  of  torticollis  is  divided 
into  two  methods:  (a)  The  cutting  of  the  tendons  of  the  muscles 
involved  in  the  spasm;  (b)  resection  of  the  spinal  accessory  and  the 
upper  cervical  nerves. 

The  method  of  cutting  the  tendons  of  the  muscles  was  devised  by 
Strohmeyer,  and  lately  advocated  and  extensively  practised  by  Kocher. 
It  is  indicated  in  congenital  wry-neck,  and  is  apt  to  be  followed  by 
success,  if  the  deformity  of  the  cervical  vertebrae  is  not  too  great.  In 
most  cases,  however,  improvement  can  be  obtained  and  freedom  of 
motion  of  the  head  secured.  After  the  cutting  of  the  tendons,  a  plaster- 
of-Paris  collar  is  to  be  applied  for  several  weeks,  followed  by  carefully 
adjusted  gymnastic  exercises,  especially  applied  to  the  neck  muscles. 
Kocher  does  not  limit  this  operation  to  forms  of  permanent  wry-neck, 
but  to  severe  forms  of  spasmodic  torticollis.  He  divides  all  the  muscles 
affected  by  the  spasm,  usually  in  several  operations.  In  some  cases 
he  has  cut  the  tendons  of  nearly  all  the  muscles,  viz.,  the  sterno- 
cleidomastoid, cucullaris,  splenius,  complexus,  and  inferior  oblique. 
A  plaster  collar  is  applied  for  several  weeks  and  this  is  followed  b}'' 
gymnastic  exercises.  Complete  success  is  obtained  only  in  a  few  cases, 
partial  in  others,  and  failures  in  about  one-half  the  cases.  Success 
from  this  operation  in  the  clonic  variety  is  not  to  be  hoped  for,  because 
it  does  not  remove  the  underlying  cause. 
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Resection  of  the  spinal  accessory  nerve  can  onl}'  be  indicated  in  those 
cases  in  which  the  spasm  is  Hmited  to  the  sternocleidomastoi(l  and 
trapezins  muscles,  and  only  then  when  we  are  reasonably  sure  that  we 
are  dealing  with  a  true  spasm  and  not  a  tic.  In  more  extensive  muscular 
involvement  it  will  be  necessary  to  divide  the  upper  three  cervical  nerves 
close  to  the  spinal  column.  Mere  division  or  stretching  of  these  nerves 
is  of  no  value.  They  must  be  resected.  Only  in  a  few  cases  of  spasm 
has  success  been  obtained.  The  central  irritation  remains  and  the  spasm 
is  transferred  to  other  muscle  groups.  The  paralysis  and  atrophy  of 
the  muscles  lead  to  a  permanent  deformity,  w^hich,  however,  may  be 
preferable  to  the  constant  spasm.  Successes,  both  in  the  sense  of  cure 
and  improvement,  have  been  recorded,  but  the  operation  should  be 
considered  onlv  in  the  most  severe  cases,  and  after  all  other  methods 
have  failed.  Surgical  treatment  should  not  be  instituted  at  all  in  mental 
torticollis,  because  it  will  not  only  fail,  but  will  leave  the  patient  in 
a  worse  state  mentally  and  physically.  The  cortical  condition  of  the 
patient  will  remain  unchanged,  and  the  tic  will  be  transferred  to 
muscles  on  the  same,  or  on  the  opposite  side  of  the  neck. 

TRISMUS 

A  real  spasm  of  the  muscles  supplied  by  the  fifth  nerve  in  the 
sense  of  a  local  affection  of  the  masseter  and  temporal  muscles  is  a  rare 
condition.   We  may  have  both  the  clonic  and  the  tonic  form. 

The  result  is  a  firm  closure  of  the  jaws  with  a  hard,  contracted  state 
of  the  masseter  and  temporal  muscles.  Trismus  is  usually  a  symptom 
of  tetanus,  tetany,  meningitis,  or  of  some  organic  bulbar  lesion. 

Functional  Trismus. — As  a  functional  trouble  it  usually  occurs  by 
way  of  autosuggestion  in  hysteria  and  neurasthenia,  and  in  this  form 
is  not  uncommon.  Trismus  also  occurs  in  the  form  of  a  tic,  according 
to  ]\Ieige  and  Feindel. 

It  also  occurs  in  generalized  tetany.  As  a  reflex  spasm  trismus 
occurs  in  diseases  of  the  mouth,  and  is  especially  seen  when  there  is 
little  or  no  room  for  the  wisdom  teeth,  and  the  latter  by  their  growth 
and  effort  to  break  through  the  gums  are  a  source  of  constant  irritation. 
Ulcerated  teeth,  periostitis  of  the  jaw  bones,  and  irritating  ulcers  of 
the  mucous  membrane  of  the  posterior  part  of  the  mouth  may  cause 
trismus. 

Prognosis. — The  prognosis  of  functional  reflex  trismus  is  good,  the 
spasm  disappears  with  the  removal  of  the  cause. 

Treatment. — The  treatment  resolves  itself  into  the  finding  of  some 
irritating  lesion  and  removing  it.  This  lesion  will  usually  be  found 
in  the  mouth.  If  there  is  an  irritating  ulcer,  apply  solid  nitrate  of 
silver. 

An  anesthetic  may  be  necessary  to  explore  the  mouth  for  the  removal 
of  buriefl  wisdom  teeth  or  the  extraction  of  carious  molars.  Whatever 
local  cause  may  be  found  it  should  receive  its  appropriate  treatment. 
In  a  case  associated  with  an  abscess  of  the  masseter  muscle  the  trismus 
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disappeared  when  the  latter  was  thoroughly  opened  and  free  drainage 
estabUshed. 

Usually  liquid  foods  can  be  taken,  if  not,  feeding  through  the  nose 
must  be  resorted  to. 

Symptomatic  treatment  resolves  itself  into  the  use  of  bromides  and 
chloral,  but  is  usually  not  necessary.  If  the  cause  is  an  inflammation 
of  the  maxillary  joint,  local  applications  of  heat  and  the  internal 
administration  of  salicylate  of  sodium  or  salipyrene  is  the  best  treat- 
ment. 

The  hysterical  and  neurasthenic  forms  invariabl}^  yield  to  suggestion. 

Spasmodic  Forms. — Glossospasmus,  pharyngismus,  spasms  in  the 
muscles  of  the  tongue  and  pharynx  are  rarely  if  ever  seen  in  the  sense 
of  true  spasms.   This  is  especially  true  of  pharyngeal  spasms. 

Tongue  spasms  are  usually  seen  in  neuropathic  individuals,  and  more 
especially  in  hysteria.  They  may  be  clonic  or  tonic,  unilateral  or 
bilateral.  In  the  tonic  variet}'  the  tongue  is  hard  and  pressed  against 
the  teeth.  In  the  clonic  variety  it  is  alternately  protruded  between 
the  teeth  and  withdrawn,  or  it  may  be  moved  from  side  to  side  in  the 
mouth  or  twisted  from  side  to  side  along  the  long  axis.  These  move- 
ments of  the  tongue,  occurring  on  a  neurasthenic  or  hysterical  basis 
often  assume  the  character  of  tics.  Painful  spasms  of  the  tongue  and 
floor  of  the  mouth  occur  unilaterally  in  neurasthenic  individuals, 
without  any  apparent  cause,  except  fatigue.  The  duration  of  these 
spasms  is  but  a  half  to  one  minute,  and  they  may  not  recur  for  weeks 
or  months. 

Rare  forms  of  so-called  idiopathic  spasms  of  the  tongue  have  been 
described.  Some  of  these  have  the  characteristics  of  localized  epilepsy, 
the  attacks  being  preceded  by  paresthesia  of  the  tongue.  In  some 
of  these  cases  the  facial  nerve  was  in  part  involved,  and  disappearing 
after  the  use  of  iodide  of  potassium,  left  the  impression  of  having  been 
caused  by  a  cortical  lesion,  probably  s.yphilitic  in  character. 

Hemispasmus  glossolabialis  is  a  distinctly  hysterical  manifestation 
and  not  a  true  spasm. 

Purely  reflex  glossospasmus  has  been  described:  once  as  a  result 
of  the  presence  of  a  foreign  body  in  the  occipital  nerve,  and  as  due  to 
caries  of  the  teeth  or  disease  of  the  pharynx. 

Prognosis. — Prognosis  is  usually  good,  even  though  the  spasm  occurs 
at  intervals  of  months  and  vears. 

Treatment. — If  any  source  of  irritation  can  be  found  it  should  be 
removed. 

If  the  spasm  occurs  in  conjunction  with  that  of  the  orbicularis  oris 
and  is  followed  by  a  weakness  of  the  tongue  and  face,  as  in  Remak's 
case,  a  cortical  origin  should  be  looked  for.  Remak's  cases  yielded  to 
the  use  of  iodide  of  potassium  in  eight  days.  In  the  majority  of 
instances  the  underlying  hysteria  or  neurasthenia  calls  for  appropriate 
treatment.  Tic  of  the  tongue  as  an  isolated  condition  rarely  occurs, 
but  should  be  treated  according  to  the  methods  of  Oppenheim, 
Brissaud,  Meige  and  Feindel,  ancl  Pitres. 
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Surgical  treatment  lias  been  resorted  to  in  violent  cases,  and  success 
in  Lange's  case  followed  a  unilateral  resection  of  the  hypoglossal 
nerve. 

Spasms  of  the  Muscles  of  the  Trunk  and  Extremities.— There  is 
hardly  a  muscle  or  group  of  muscles  of  the  trunk  or  extremities  which 
has  not  been  reported  as  having  been  the  seat  of  isolated  and  idio- 
pathic spasms.  Wernicke  has  applied  the  name  of  spasm  neurosis 
to  cases  which  he  has  described,  in  which  many  of  the  muscles  of  the 
body  were  subject  to  spasms.  The  muscles  of  the  feet  and  more 
especially  those  of  the  calves  of  the  legs  are  especially  predisposed  to 
localized  spasms. 

The  majority  of  individuals  suffering  from  spasms  of  these  groups 
of  muscles  are  neurotic,  neurasthenic,  hysterical,  or  psychasthenic. 
Intoxication  and  disturbances  of  the  biochemical  mechanisms  of  the 
body  are  often  at  play.  Chronic  alcoholic  individuals  are  especially 
prone  to  calf  spasms  during  the  night.  They  also  occur  in  lead  poison- 
ing, in  diabetic  cases,  as  well  as  during  and  after  exliausting  diarrheas. ' 
Sometimes  the  only  ascertainable  cause  is  exhaustion  after  prolonged 
walking.  In  at  least  one  case  of  tonic  spasmodic  contracture  of  the 
peroneus  group,  the  writer  was  able  to  give  permanent  relief  by  having 
the  pes  planus  attended  to.  Reflex  spasms  may  arise  from  inflamed 
joints. 

Sometimes  trauma  plays  a  role.  After  a  fall  on  the  elbow,  the 
writer  saw  tonic  spasms  occurring  at  frequent  intervals  in  the  group 
of  muscles  supplied  by  the  ulnar  nerve.  Indirectly,  the  wound  may 
inclose  a  sensory  nerve  and  the  resulting  cicatricial  contraction  and 
irritation  of  the  nerve  trunk  may  be  the  cause  of  reflex  spasms.  In  the 
same  way  amputation  neuralgias,  due  to  cicatricial  pressure  on  sensory 
nerves,  may  cause  localized  spasms  in  the  neighboring  muscles. 

Prognosis. — Varies  with  the  cause,  and  with  the  ability  to  treat  the 
underlying  neurasthenic  or  hysterical  condition  successfully.  Even 
though  the  spasms  may  recur  frequently  and  continue  for  a  long 
time  they  eventually  disappear. 

Treatment. — Wherever  a  local  material  exciting  cause,  an  injured 
nerve,  or  nerve  compressed  by  a  cicatrix,  can  be  found  it  should  be 
treated  according  to  its  special  indication. 

The  underh'ing  hysteria  or  neurasthenia  must  be  given  special  atten- 
tion. Local  treatment  in  the  form  of  anodal  galvanism,  hot  fomentations 
and  massage  should  be  used.  .Most  spasms  of  the  calf  muscles  yield 
to  a  causal  therapy,  removal  of  alcohol,  treatment  of  the  diabetes,  and 
other  causal  agents.  Bromides  and  chloral  given  at  bedtime  usually 
afford  temporary  relief  until  the  cause  can  be  removed.  General 
hygienic  measures,  gymnastic  exercises,  general  and  special  for  the 
group  of  muscles  involved,  are  of  undoubted  benefit. 

Spasms  of  the  Respiratory  Muscles. — We  have  seen  that  spasms 
of  the  diaphragm  occur  in  chorea,  in  tetany,  and  tic.  They  may  be 
clonic  or  tonic.  Occurring  as  reflex  spasms  tiiey  are  very  rare.  Medi- 
astinal tumors,  other  diseases  of  the  mediastinum,  and  pericardium 
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irritating  the  phrenic  nerve  have  been  known  to  cause  spasm  of  the 
diaphragm.   Brain  affections,  meningitis,  may  also  cause  these  spasms. 

Both  the  tonic  and  clonic  forms  are  seen  usually  on  the  basis  of 
hysteria,  and  may  then  continue  for  a  considerable  period  of  time, 
even  weeks  and  months.  Tonic  spasms  of  the  diaphragm  have  been 
described.  The  type  of  respiration  then  becomes  thoracic.  Respira- 
tion is  quick  and  shallow,  the  patient  suffers  from  great  dyspnea, 
the  abdominal  movements  of  respiration  cease,  the  diaphragm  is  low, 
and  the  epigastrium  is  prominent.  This  condition  in  a  mild  form 
occurs  in  hysteria  and  in  the  severer  forms  in  tetany  and  tetanus. 

Treatment. — Ordinary  attacks  of  singultus  or  hiccoughing  can  be 
arrested,  as  a  rule,  by  arresting  all  action  of  the  diaphragm  for  thirty 
or  forty  seconds.  This  can  usually  be  accomplished  by  taking  a  deep 
inspiration,  and  then  slowly  counting  up  to  forty  or  fifty,  during 
expiration.  The  same  result  can  be  accomplished  by  slowly  sipping 
and  swallowing  small  amounts  of  water  as  long  as  possible  without 
breathing. 

In  the  hysterical  form  of  hiccoughing  it  may  be  necessary  to  remove 
the  patient  from  home  surroundings.  At  times  a  threat  to  do  so  is 
efficacious.  Counterirritants  in  the  form  of  burning  with  the  Paquelin 
cautery,  the  application  of  blisters,  use  of  strong  faradic  currents  over 
the  epigastrium  are  all  efficacious  and  usually  act  by  way  of  suggestion. 
Sedatives  may  be  necessary  in  the  form  of  chloral  and  bromides;  cold 
douches  to  the  epigastrium  may  act  reflexly  by  exciting  full  deep  inspira- 
tions. Rhythmic  tractions  of  the  tongue  have  been  found  successful. 
The  application  of  both  the  faradic  and  the  galvanic  current  (anode) 
to  the  phrenic  nerve  in  the  neck,  with  the  indifferent  electrode  over 
the  epigastric  region,  is  often  successful.  The  most  important  role  is 
played  by  psychotherapy;  by  the  constant  assurance  that  the  spasms 
are  harmless,  that  there  is  no  organic  lesion,  and  that  the  spasms  will 
cease.  Judicious  neglect,  removal  of  solicitous  friends  and  relations, 
and  a  constant  effort  to  occupy  the  attention  of  the  patient  will  in  all 
cases  lead  to  a  cure. 

Oppenheim  has  reported  success  in  some  cases  by  the  use  of  bismuth, 
which,  of  course,  presupposes  that  an  irritability  of  the  gastric  mucosa 
can  be  an  exciting  cause  in  some  cases. 

When  singultus  is  a  symptom  of  a  grave  organic  brain  disease,  or 
of  chronic  Bright's  disease,  it  does  not  call  for  symptomatic  treatment. 
The  same  is  true  when  it  is  symptomatic  of  mediastinal,  pericardial,  or 
hepatic  diseases. 

TETANY 

Known  in  the  literature  by  various  names,  tetanilla,  idiopathic 
muscle  spasms,  intermittent  tetanus,  etc.,  the  disease  described  below 
has  been  known  as  tetany  since  Frankl-Hochwart's  classical  and 
exhaustive  treatise  in  1887,  although  the  name  had  been  previously 
used  by  Corvisart  in  1852. 
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Definition. — Tetany  is  a  disease  whose  symptom-complex  consists 
essentially  in  intermittent,  bilateral,  tonic  muscular  contractions,  which 
are  usually  painful  in  character  and  affect  with  predilection  the  muscles 
of  the  hand  and  forearm,  usually  without  loss  of  consciousness. 

Etiology. — While  tetany  may  assume  a  number  of  different  forms 
our  knowledge  is  crystallizing  itself  into  two  facts:  (1)  That  the 
underlying  cause  in  all  forms  is  a  hypof unction  of  the  parathyroids 
which  is  the  predisposing  cause;  (2)  toxins,  either  developed  in  the 
body  or  introduced  from  without,  which  act  as  the  exciting  causes. 

The  first  cause,  hypofunction  of  the  parathyroids,  means  a  derange- 
ment in  internal  secretion,  and  resulting  defects  in  metabolism.  In 
the  second,  the  toxins  may  be  biochemical  in  origin,  viz. :  The  post- 
operative tetanies,  or  the  toxins  may  originate  from  many  sources 
and  produce  the  clinical  neuromuscular  symptom-complex  on  account 
of  the  deficiency  or  absence  of  the  specific  secretion  of  the  para- 
thyroids, which  would  normally  neutralize  them,  or  they  are  introduced 
in  such  quantities  as  to  overwhelm  the  capacity  of  these  glands. 

Etiologically  considered  Frankl-Hochwart's  classification  will  give 
us  a  survey  as  to  causation.  He  divides  the  causes  into  (1)  acute; 
(2)  chronic  recurring — then  into  tetany:  (a)  children;  (&)  adults. 

Tetany  in  Children. — The  tetany  in  children  is  usually  associated 
with  malnutrition.  Healthy  children  are  rarely  if  ever  affected.  It 
is  usually  associated  with  gastro-intestinal  disturbances  of  a  chronic 
character,  and  with  rachitis.  This  form  of  tetany  is  seen  everywhere. 
It  usually  affects  infants,  although  older  children  may  be  affected, 
one  of  the  writer's  cases  being  ten  years  of  age. 

Tetany  in  Adults. — In  adults  we  have: 

1.  Idiopathic  Tetany. — This  has  been  described  above.  A  distinct 
infectious  cause  for  the  epidemics  or  endemics  which  occur  from  time 
to  time  has  not  been  found.  Whether  a  soil  poor  in  limestone  in  one 
locality,  during  the  period  of  the  year  when  the  ground  is  frozen,  leads 
to  epidemics,  which  are  never  seen  in  localities  rich  in  limestone 
formation,  is  merely  a  suggestion  thrown  out  by  the  writer. 

2.  Tetany  of  Gastric  and  Intestinal  Affections. — This  form  is  usually 
seen  in  gastric  dilatation,  due  either  to  atony  or  pyloric  constriction. 
It  may  occur  in  gastroptosis,  and  then  the  cause  is  perhaps  a  mechanical 
closing  of  the  pylorus.  It  occurs  also  in  chronic  gastro-intestinal  dis- 
orders. These  cases  have  been  held  by  some  to  be  reflex.  Gerhardt 
and  others  could  elicit  attacks  by  percussion  of  the  distended  stomach; 
others  have  reported  attacks  brought  on  by  vomiting  and  by  the  intro- 
duction of  the  stomach-tube.  The  most  frequent  cause  is  perhaps  the 
altered  metabolism  produced  by  a  deficient  digestion  and  absorption 
of  food,  plus  the  generation,  by  fermentation,  of  some  toxin  in  the 
intestinal  canal.  The  last  two  factors  play  an  important  role  as 
exciting  causes  in  the  tetany  of  infants. 

3.  Tetany  of  Acute  Infectious  Diseases. — This  form  is  usuall,y  seen 
at  the  time  of  the  year  and  in  localities  where  tetany  is  endemic  and 
epidemic,  and  usually  affects  with  predilection  shoemakers  and  tailors. 
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Here  the  specific  toxin  of  tlie  infectious  disease,  typhoid,  tonsilhtis, 
cholera,  la  grippe,  pneumonia,  etc.,  is  the  exciting  cause. 

4.  Tetany  of  Pregnancy,  Parturition,  and  Lactation. — This  form  is 
rare.  We  know  that  during  pregnancy  and  lactation  the  internal 
secretion  of  the  ovaries  is  in  abeyance,  and  that  there  is  usually  an 
increased  function  of  the  hypophysis,  and  at  times  of  the  thyroid. 
There  is  a  greatly  increased  metabolism  of  the  body  as  a  whole,  and 
the  occurrence  of  tetany  probably  indicates  a  disturbance  of  the 
balance  of  metabolism,  due  to  a  want  of  proper  function  of  the  para- 
thyroids. 

5.  Tetany  Due  to  Drugs. — Tetany  caused  by  ergotin,  chloroform, 
morphine,  alcohol,  phosphorus,  and  lead  perhaps  merely  indicate  that 
these  chemicals  act  only  in  the  presence  of  hypoparathyroidism. 
Pineles  was  able  to  cause  a  recurrence  of  tetany  in  individuals 
who  had  recovered  from  an  attack  by  the  subcutaneous  injection 
of  tuberculin. 

6.  Tetany  after  the  Removal  of  the  Parathyroid,?. — When  tetany  was 
first  observed  after  the  removal  of  the  thyroid  glands  it  was  supposed 
that  the  removal  of  the  latter  was  the  cause  of  the  tetanic  attack.  We 
know,  however,  today  that  the  lack  of  the  specific  secretion  of  the 
thyroid  produces  an  entirely  different  clinical  picture,  viz.,  cachexia 
strumipriva. 

There  is  an  overwhelming  consensus  of  opinion  today  that  the 
underlying  factor  of  tetany  is  an  insufficiency,  or  an  absence  of  the 
function  of  the  parathyroid  glands.  The  most  recent  work  in  this 
field  has  been  done  by  MacCallum  and  Voegtlin,  who  have  shown 
that  a  deficient  action  of  the  parathyroids  causes  a  deficient  calcium 
metabolism  of  the  body,  and  that  the  hyperexcitability  of  the 
neuromuscular  apparatus  is  due  to  a  deficiency  of  the  calcium  in 
the  blood. 

There  is  still  some  opposition  to  the  theory  that  parathyroid  insuffi- 
ciency and  defective  calcium  metabolism  explains  fully  the  genesis 
of  tetany  in  all  its  forms.  Oppenheim  agrees  with  Jacobis,  that 
various  toxins,  originating  without,  or  developed  within  the  organism, 
can  produce  the  disease. 

7.  Tetany  Complicating  Nervous  Disease. — The  tetany,  complicating 
other  nervous  diseases,  like  Basedow's,  syringomyelia,  brain  tumors, 
etc.,  is  infrequent,  with  probably  the  same  underlying  factors  of  para- 
thyroid insufficiency  plus  an  autointoxication. 

Pathogenesis. — One  may  say  that  tetany  is  a  functional  disease  of 
the  nervous  system,  produced  by  an  organic  change  in  the  parathyroids. 
The  fundamental  identity  of  all  forms  of  tetany  was  advocated  by 
Chvostek,  and  this  view  is  almost  universally  held.  The  predisposing 
condition  is  hypoparathyroidism,  which  may  be  congenital  or  acquired. 
As  a  result  of  this  miinis  function,  there  is  a  defective  calcium  metab(v 
lism  and  inability  of  the  system  to  bind  toxins  which  in  turn  produce 
a  state  of  hyperexcitability  of  the  nervous  system.  In  the  absence  of 
.the  toxin  the  tetany  may  be  latent. 
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Symptomatology. — The  clinical  manifestations  are  chiefly  motor  in 
character,  but  there  are  also  general  symptoms,  sensory,  mental,  and 
trophic  phenomena.  The  underlying  condition  is  a  state  of  hyper- 
excitability  of  sensory  and  motor  neurones. 

Muscular  Cramps. — These  cramps  are  almost  always  bilateral.  They 
are  tonic  in  character,  intermittent,  lasting  from  a  few  minutes  to 
several  hours,  and  are  usually  painful.  There  may  be  only  a  few  spasms 
in  all,  or  the  spasms  may  occur  frequently  during  the  day,  with  periods 
of  intermission,  varying  from  a  few  minutes  to  hours.  In  the  majority 
of  cases  these  spasms  are  localized  to  the  small  muscles  of  the  hands 
and  forearm.  The  thumb  is  adducted,  at  times  across  the  palm;  the 
proximal  phalanges  are  flexed,  the  distal  extended,  giving  rise  to  the 
obstetrical  hand.  In  more  severe  cases  the  hand  is  flexed,  the  arm  bent 
upon  the  forearm,  and  at  times  the  whole  arm  adducted  and  crossed 
in  front  of  the  chest.  In  about  one-half  the  cases  (Frankl-Hochwart 
70  to  122)  the  lower  extremities  are  likewise  affected.  The  foot  mus- 
cles are  involved  in  such  a  manner  as  to  flex  the  toes  on  the  sole  of 
the  foot  and  bring  the  foot  into  extension  (talipes  equinovarus).  The 
leg  and  thigh  muscles  may  also  be  aft'ected.  These  cramps  occur  spon- 
taneously or  as  a  result  of  mechanical  irritation.  Walking  may  bring 
on  the  spasms  in  leg  and  thigh.  In  a  few  cases  the  entire  musculature 
may  be  affected,  including  the  masseters,  neck,  trunk,  and  respiratory 
muscles,  including  the  diaphragm.  In  children,  spasm  of  the  glottis 
is  often  associated  with  the  other  muscular  cramps.  According  to 
some  writers,  laryngospasm  represents  in  all  cases  a  mild  form  of 
tetany,  viz.,  latent  tetany  (Kassowitz).  Oppenheim  thinks  that  this 
view  is  exaggerated,  that  the  doctrines  of  the  intimate  relation 
between  tetany,  rachitis,  and  laryngospasm  in  childhood  needs  further 
elucidation,  but  holds  that  this  relation  does  exist  in  many  cases. 

The  spasms  are  at  times  easily  overcome,  at  others,  offer  great  resist- 
ance, and  the  attempt  to  overcome  them  is  very  painful.  These  spasms 
come  on  at  times  without  premonitory  symptoms,  at  other  times  there 
is  tingling,  paresthesia,  and  formication  in  the  aflected  region.  There 
may  be  general  malaise,  headache,  and  vertigo.  The  cramp  comes  on 
gradually  and  slowly  relaxes;  paresthesia  and  a  certain  amount  of 
muscular  weakness  may  continue  for  a  little  while,  or  may  be  present 
during  the  intervals  (Oppenheim).  The  temperature  is  usually  normal 
except  in  the  postoperative  cases,  when  it  may  go  up  to  101°  or  103°. 
The  pulse  is  usually  increased  in  frequency  during  the  attacks;  the 
mental  state  is  usually  normal,  although  unconsciousness  may  occur 
in  cases  combined  with  general  convulsions.  In  atypical  cases  there 
may  be  strabismus  and  pupillary  contraction,  with  loss  of  light  reac- 
tion, due  to  the  involvement  of  the  eye  muscles.  Lately,  Falta  and 
Kahn  have  described  tetany  of  the  gastro-intestinal  system. 

Theoretically  increased  irritability  of  the  motor  neurones  should 
extend  also  to  the  sympathetic  system,  and  Falta  and  Kahn  have 
shown  by  actual  experiment  that  the  spasms  of  tetany  are  not  con- 
fined to  the  voluntary  muscles,  but  that  the  condition  of  abnormal 
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irritability  extends  to  the  sympathetic  and  autonomic-  nervous  systems. 
They  have  been  able  to  demonstrate  a  tetania  viricerum  which  manifests 
itself  by  increased  irritability  of  the  internal  organs  and  by  actual 
symptoms  of  irritation.  Falta  was  able  to  show,  for  instance,  that  a 
given  dose  of  pilocarpine  would  have  but  little  effect  on  a  normal 
stomach,  but  that  in  tetany  the  same  dose  caused  acute  dilatation  and 
cessation  of  the  peristaltic  action  as  proved  by  the  x-ray.  They  have 
also  demonstrated  by  .r-ray  pictures  that  spasms  of  the  stomach  with 
a  patulous  pylorus  can  occur  in  tetany.  They  also  suggest  that  tetany 
of  the  viscera  may  exist  as  the  only  manifestations  of  tetany,  and  refer 
these  to  an  abnormal  function  of  the  parathyroids.  They  conclude 
that  important  modifications  of  metabolism  occur,  as  a  result  of  the 
effect  of  tetany  on  the  vegetative  system. 

The  increased  irritability  of  the  motor  and  sensory  nerves  manifest 
themselves  through  the  following  phenomena:  (a)  Trousseau's  sign, 
the  production  of  an  attack  by  pressure  on  the  brachial  artery  or 
plexus;  (6)  Chvostek's  sign,  due  to  an  increase  in  the  mechanical  irri- 
tability of  the  motor  nerves;  (c)  Erb's  phenomenon,  due  to  increase  in 
the  electrical  irritability  of  the  motor  nerves;  (d)  Hoffman's  sign,  an 
increase  in  the  mechanical  and  electrical  reactions  of  the  sensory 
nerves;  (e)  Schlessinger's  sign,  spasm  produced  by  stretching  nerves 
(sciatic,  brachial  plexus). 

Postoperative  Tetany  is  in  a  class  by  itself.  Since  the  relationship 
between  the  parathyroids  and  tetany  has  been  experimentally  demon- 
strated, improved  technique  in  the  surgery  of  the  thyroid  glands 
has  greatly  reduced  this  complication.  Postoperative  tetany  comes 
usually  in  from  two  to  five  days  after  the  operation.  In  some  obscure 
cases  (Dock)  after  operations  in  the  vicinity  of  the  parathyroids  it 
may  occur  after  the  lapse  of  months.  The  spasms  in  the  hands  are 
followed  by  generalized  spasms,  often  convulsions,  respiration  be- 
comes rapid  and  labored,  there  is  increased  salivation,  albuminuria 
at  times,  stupor,  delirium  in  some  cases,  coma,  and  death. 
There  is  some  elevation  of  temperature.  The  pulse  is  not  much 
accelerated. 

If  the  removal  is  not  complete  or  the  injury  not  severe  we  have 
what  Halsted  terms  subtetanic  hypoparathyrosis,  which  resembles  the 
ordinary  tetany.  Some  cases  occur  in  which  but  slight  and  few 
tetanic  spasms  are  observed  and  which  yield  to  a  single  or  a  few  doses 
of  calcium  lactate.  In  these  cases  we  can  assume  that  the  changes 
in  the  parathyroids  were  slight,  perhaps  due  to  pressure  or  bruising 
during  the  operation,  or  to  passing  disturbances  of  circulation. 

The  tetany  of  pregnancy  is  usually  mild.  It  may  occur  only  during 
labor,  when  the  head  is  on  the  perineum,  or  it  may  occur  during 
lactation. 

Sensory  Phenomena. — These  are  usually  subjective;  objective  dis- 
turbances are  not  found.  Pain  is  present  during  the  spasm  in  many 
cases  and  is  always  caused  if  an  attempt  is  made  to  overcome  the  con- 
tracture.   Paresthesias  are  the  rule,  either  preceding  the  spasm  or 
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during  and  after,  radiating  in  the  affected  region.  They  are  present 
in  the  form  of  tingUng,  formication,  or  numbness.  In  so-called  latent 
tetany  these  paresthesias  may  be  the  only  symptom,  or  they  may 
precede  the  actual  onset  of  the  spasms. 

Reflexes.— In  some  cases  they  have  been  found  wanting,  but  if 
changed  at  all  they  are  usually  increased.  Mydriasis  and  paralytic 
pupils  have  occasionally  been  noted. 

Temperature  is  usually  normal.  Many  cases  show  a  slight  elevation, 
especially  in  children,  but  this  may  be  accounted  for  by  the  complica- 
tions on  the  part  of  the  intestinal  tract  or  lungs.  Respiratory  changes 
result  from  the  involvement  of  the  diaphragm  and  auxiliary  muscles 
of  respiration.  Death  at  times  occurs  with  symptoms  of  inspiratory 
dyspnea. 

Trophic  Phenomena — Cataract  has  been  described  as  one  of  the 
trophic  phenomena.  Increased  salivation  is  seen  in  the  traumatic 
cases.  Hyperidrosis,  polyuria,  albuminuria,  glycosuria  may  all  be  an 
expression  of  the  fundamental  disturbance  of  internal  secretion,  and 
metabolic  changes.  The  same  may  be  said  for  erythema,  localized 
edematous  swelling  of  the  skin,  joint  effusions,  urticaria,  herpes 
zoster,  falling  out  of  nails  and  hair,  skin  pigmentation,  all  of  which 
have  been  occasionally  described. 

Psychic  Disturbances. — In  the  ordinary  cases  there  is  no  marked 
mental  disturbance,  although  increased  excitability  is  seen  in  the 
chronic  cases.  In  postoperative  cases  there  may  be  delirium,  stupor, 
and  coma. 

The  most  constant  findings  are  hemorrhages  in  and  hemorrhagic 
degeneration  of  the  parathyroid  glands. 

Course,  Duration,  and  Prognosis.— This  of  course  must  vary  with 
the  particular  form  and  exciting  cause  of  tetany.  Trousseau  divided 
non-operative  tetany  into  three  groups:  the  mild,  the  severe,  and  the 
grave.  In  the  ordinary  endemic  or  epidemic  variety  (Frankl-Hochwart) 
the  duration  is  usually  from  four  to  fourteen  days,  (hospital  cases); 
often  the  attack  lasts  two  or  three  weeks,  in  a  few  cases  two  to  four 
months. 

In  the  mild  cases  the  spasms  are  confined  to  the  hands.  They  are 
of  short  duration,  recur  a  few  times  in  the  twenty-four  hours,  may  run 
along  in  this  way  for  weeks  and  months,  and  probably  recur  again  in 
the  following  year.  The  attack  may  last  only  a  few  days. 

In  the  more  severe  attacks  the  cramps  are  more  extensive,  longer 
in  duration,  attended  with  more  pain,  and  probably  involving  the 
glottis  and  respiratory  muscles,  causing  severe  dyspnea.  In  the  grave 
cases  the  intervals  between  the  spasms  are  of  shorter  duration,  and 
the  patient  may  die,  or  the  trouble  become  chronic  in  character. 

The  course  of  tetany  in  gastric  dilatation  is  usually  toward  a  fatal 
termination,  unless  there  is  surgical  intervention,  or  relief  of  the 
dilatation. 

The  postoperative  tetany  has  been  considered  above. 

The  prognosis  as  to  life  varies  with  the  form  of  tetany,  and  the 
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ability  to  relieve  the  underlying  condition.  Frankl-Hochwart  does  not 
consider  the  prognosis  good  in  children.  This  is  self-evident  when 
we  consider  the  underlying  diseases  in  these  cases.  Ten  children  were 
affected  with  tetany  in  the  Cincinnati  Hospital,  and- of  these  three 
died,  one  with  widespread  pathological  changes  depending  upon  con- 
genital syphilis,  one  of  bronchopneumonia,  and  the  third  of  an 
inspiratory  dyspnea  which  was  not  relieved  by  intubation. 

The  prognosis  of  tetany  after  thyroid  operations  varies  with  the 
amount  of  damage  done,  but  is  usuall}^  grave  and  often  fatal. 

Tetany  of  gastric  dilatation  is  usually  an  indication  of  an  early 
fatal  termination  unless  the  underlying  condition  can  be  relieved.  In 
ordinary  gastro-intestinal  disturbances  it  passes  away  with  the  relief 
of  the  cause. 

The  prognosis  of  tetany  of  pregnancy  is  usually  good,  although 
fatal  cases  have  occurred,  and  the  trouble  will  recur,  in  subsequent 
pregnancies. 

Diagnosis. — The  diagnosis  of  tetany  is  not  difficult  if  we  bear  in 
mind  the  localization  of  the  spasms,  their  bilateral  character,  and  can 
demonstrate  the  presence  of  Trousseau's  and  Chvostek's  signs  and  the 
increased  irritability  of  motor  and  sensory  nerves. 

When  tetany  affects  the  entire  musculature  of  the  body,  and  especially 
when  it  follows  an  injury  to  the  tongue  as  happened  in  one  of  the  writer's 
cases,  it  becomes  necessary  to  rule  out  tetanus.  In  the  case  just  cited 
it  was  very  difficult,  because  the  masseter  muscles  were  the  first  to 
become  involved.  The  chief  distinction  lies  in  the  intermittent  charac- 
ter of  the  spasms  of  tetany,  with  the  periods  of  complete  remission,  as 
opposed  to  the  continuous  character  of  the  tonic  spasms  of  tetanus. 
There  is  no  opisthotonos  in  tetany,  and  whereas  the  invoh^ement  of 
the  pharyngeal  and  respiratory  muscles  are  the  rule  in  tetanus,  they 
form  the  exception  in  tetany.  In  tetany  the  first  muscles  involved 
are  those  of  the  hands  and  feet,  and  then  the  involvement  ascends  to 
the  trunk;  in  tetanus  the  first  muscles  involved  are  those  of  the  jaws 
and  neck,  and  then  the  spread  is  downward,  the  respiratory,  trunk,  and 
abdominal  next  in  turn;  the  muscles  of  the  hands  and  feet  are  aft'ected 
late  and  not  to  the  same  extent  as  in  tetany.  IMoreoy'er,  the  aspect 
of  a  tetanus  case  is  that  of  a  gravely  ill  patient,  whereas  the  tetany 
patient  may  look  and  feel  well. 

There  occurs  in  very  young  children  a  condition  termed  arthro- 
gryposis (Henoch's  idiopathic  contractures).  This  consists  of  a  tonic 
contraction  of  nearly  all  the  muscles  of  the  body,  so  that  the  child 
can  be  taken  by  the  occipirt  and  lifted  up  in  one  rigid  mass,  rest- 
ing on  the  heels.  This  condition  may  last  for  weeks  and  months 
and  end  in  recovery.  The  spasms  affect  mainly  the  trunk  muscles. 
They  are  gradual  in  development,  and  are  tonic,  painless,  and 
continuous.  There  is  no  Trousseau  or  Chvostek  phenomenon,  and 
no  hyperexcitability  of  sensory  and  motor  nerves. 

It  has  been  shown  (Hochsinger,  Gregor,  Finkelstein,  and  Stoelzinger) 
that  this  condition  of  arthrogryposis  is  the  result  of  defective  artificial 
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feeding  and  disappears  soon  after  mother's  milk  has  been  substituted 
for  the  artificial  food. 

Treatment.— The  treatment  of  tetany  must  naturally  be  somewhat 
dift'erent  for  the  different  classes  of  cases.  If  it  has  been  definitely 
established  that  hypoparathyroidism  is  the  underlying  factor,  an  attempt 
must  be  made  along  the  lines  of  overcoming  this  defect.  In  the  majority 
of  instances,  especially  in  the  idiopathic  cases,  the  function  of  the  gland 
under  ordinary  conditions  is  sufficient,  and  only  in  the  presence  of  an 
exciting  cause  in  the  form  of  some  toxin,  introduced  from  without  or 
generated  in  the  body,  does  this  deficiency  become  manifest  in  the  form 
of  tetanic  spasms.  The  indication,  therefore,  in  the  majority  of  cases 
is  to  find  the  source  of  the  toxin  and  remove  it  if  possible.  Causal 
therapy  is  indicated,  of  course,  in  all  cases,  and  this  will  be  considered 
later  on  when  the  subject  of  postoperative  tetany  is  taken  up. 

Tetany  of  Children. — Since  robust  children  are  rarely  affected  and 
the  disease  is  found  mainly  in  sickly,  rachitic  infants,  suffering  with 
gastro-intestinal  disturbances,  diarrhea,  and  emaciation,  the  first  indi- 
cation is  to  improve  the  digestion;  strict  hygienic  regulations,  fresh 
air,  bathing,  and  proper  clothing  should  be  enforced.  The  gastro- 
intestinal indigestion  calls  for  the  regulation  of  feeding  as  a  primary 
indication.  This  should  be  preceded  by  catharsis  in  the  form  of  castor 
oil,  perhaps  very  small  doses  of  calomel,  and  then  the  administration 
of  bismuth  subnitrate  or  subgallate.  Intestinal  antiseptics,  sulpho- 
carbolate  of  zinc,  betanaphthol,  benzosol,  carbonate  of  guaiacol  may 
be  necessary  before  the  intestinal  fermentation  can  be  checked.  The 
colon  should  be  flushed  with  warm  sterilized  water  daily  if  the  stools 
are  offensive  and  large  quantities  of  water  given  by  mouth.  The  food 
should  all  be  Pasteurized  and  food  rich  in  calcium  salts  should  be  given. 
Stoelzner's  contention  that  milk  increases  the  tetany  manifestations 
has  not  been  borne  out  by  others.  Milk  and  its  derivatives  and  eggs 
(foods  which  naturally  contain  calcium)  should  be  given.  If  cows' 
milk  is  not  well  digested,  one  of  the  calcium  salts  should  be  added  to 
the  other  foods.  Tonics  in  the  form  of  iron,  quinine,  and  arsenic 
and  especially  cod-liver  oil  should  be  administered ;  when  possible,  wet- 
nursing  should  be  substituted  in  the  severe  cases  for  artificial  feeding. 
Recent  investigations  would  indicate  that  the  intake  of  sodium  chloride 
should  be  restricted.  Rosenstern  found  in  infants  with  spasmophilia 
and  gastro-intestinal  disturbances  that  one  large  dose  of  calcium  (100  c.c. 
of  CaCl;,  3  per  cent,  sol.)  reduced  the  electrical  hyperexcitability  as 
well  as  the  other  tetany  manifestations,  whereas  the  administration  of 
soflium  chloride  increased  these  manifestations. 

Hochsinger  and  Kassowitz  advise  the  administration  of  phosphorus. 

Lukewarm  water  and  hot  wet  packs  to  the  affected  extremities 
afford  relief. 

Aside  from  the  treatment  based  upon  the  hypoparathyroid  origin 
of  the  endemic  and  epidemic  variety  of  tetany,  there  can  be  no  other 
causal  treatment,  the  active  toxin  in  these  cases  n6t  being  known,  it 
cannot  be  the  subject  of  prophylaxis.     Calcium  salts  and  general 
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hygienic  treatment  afford  relief  in  these  cases.  The  use  of  the  various 
parathyroid  preparations  in  these  cases  is  still  a  subject  of  dispute, 
whereas,  there  is  almost  a  unanimous  opinion  as  to  the  efficacy  of  the 
calcium  salts.  These  salts  should  be  given  in  the  form  of  the  acetate 
or  lactate,  in  5  per  cent,  solutions,  and  although  the  results  are  .-some- 
what slower,  the  internal  administration  is  just  as  efficacious  as  the 
intravenous  or  the  subcutaneous. 

The  success  obtained  by  Danielsen  in  transplantation  of  human 
parathyroids  would  point  the  indication  in  these  cases  of  tetany  in 
which  the  relapses  are  frequent  or  which  have  become  chronic.  The 
human  parathyroids  could  be  obtained  immediately  after  death,  either 
in  accident  or  other  appropriate  cases.  The  value  of  parathyroid 
preparations  obtained  from  lower  animals  is  still  in  dispute.  Pineles 
found  that  the  use  of  parathyroid  preparations  obtained  from  the  horse 
were  absolutely  useless  in  the  experimental  tetany  in  cats,  whether  they 
were  administered  dry  or  fresh,  per  os,  subcutaneously,  or  by  intra- 
peritoneal transplantation.  Frankl-Hochwart  is  inclined  to  side  v.ith 
this  view  of  the  inutility  of  ordinary  parathyroid  preparations.  Daniel- 
sen  found  no  relief  in  his  case  with  all  forms  of  parathyroid  prepara- 
tions, whereas  relief  was  obtained  very  quickly  after  transplantation  of 
human  parathyroids.  On  the  other  hand,  successes  with  parathyroid 
preparations  have  been  reported  by  Marinesco,  Visale,  von  Eiselsberg, 
and  others.  In  some  cases  success  was  obtained  by  combining  thyroid 
with  parathyroid  preparations. 

Oppenheim  and  Romanoff  each  report  a  success  in  the  treatment 
of  chronic  tetany  by  transplantations  of  animal  thyroid  gland. 

The  use  of  the  calcium  salts  has  made  symptomatic  treatment  for 
the  spasms  less  necessary  than  formerly.  Bromides  are  usually  suf- 
ficient, although  chloral  and  even  hyoscine-hydrobromate,  morphine, 
and  chloroform  may  be  necessary  for  the  relief  of  the  severe  pains 
caused  by  the  spasms. 

Rest,  warmth,  and  prolonged  warm  baths  are  indicated  in  the  more 
severe  cases. 

The  laryngospasm  and  the  attendant  dyspnea  may  at  times  require 
intubation,  although  one  case  in  the  Cincinnati  Hospital  with  all  indi- 
cations of  laryngeal  dyspnea  died  notwithstanding  the  intubation. 

Those  cases  which  result  from  gastric  dilatation  and  gastroptosis 
require  special  treatment,  varying  with  the  underlying  cause.  If  there 
be  a  stricture  of  the  pylorus  nothing  short  of  a  gastro-enterostomy 
will  afford  relief.  In  gastroptosis  and  atonic  dilatation  the  stomacli 
should  be  emptied,  preferably  by  an  emetic.  If  the  stomach-tube 
must  be  used  great  care  must  be  taken  in  effecting  the  lavage.  When 
emptied  the  stomach  should  be  rested  and  rectal  feeding  resorted  to, 
large  quantities  of  water  must  be  given  by  the  colon,  and  an  excess  of 
chloride  of  sodium  avoided.  Fleiner  advocates  the  subcutaneous  injec- 
tions of  0.5  per  cent,  saline  solutions  twice  a  day,  a  pint  at  a  time. 
He  also  advocates  gastric  resection  or  gastro-entorostomy  in  gastric 
dilatation  as  soon  as  there  is  a  rapid  loss  of  weight  or  a  diminution 
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in  the  secretion  of  urine  notwithstanding  the  factors  of  rest,  and 
adequate  quantities  of  food  and  fluids  are  retained. 

If  the  symptoms  yield  to  rectal  feeding,  stomachic  feeding  can  be 
gradually  resumed.  As  a  matter  of  course  the  calcium  treatment 
should  be  instituted  in  these  cases 

Postoperative  Tetany. — Prophylaxis. — Since  the  cause  of  postopera- 
tive tetany  has  been  found  to  be  injury  or  removal  of  the  parathyroids, 
the  technique  of  struma  operations  has  been  changed.  The  superior 
thyroid  arteries  are  ligated  distal  to  the  branch  going  to  the  parathyroids, 
and  the  operation  leaves  the  capsule  of  the  thyroid  and  the  adjacent 
thyroid  tissue  of  the  lower  lobe  intact.  Moreover  the  entire  thyroid 
for  obvious  reasons  is  never  removed.  The  result  of  this  improved 
technique  has  been  a  disappearance  of  postoperative  tetany.  When, 
however,  tetany  does  occur  the  first  indication  is  the  administration 
of  calcium  salts  in  the  hope  that  the  injury  to  the  parathyroids  is 
only  temporary.  Remarkable  recoveries  have  been  recorded  after  one 
or  two  administrations  of  calcium  salts.  If  these  salts  fail  the  para- 
thyroid preparations,  fresh  or  dried  glands,  extracts  or  tablets,  can  be 
administered.  The  fresh  glands  are  said  by  Lowenthal  and  Wiebrecht 
to  be  ten  times  more  powerful  than  the  tablets.  At  times  a  combina- 
tion of  the  thyroid  and  parathyroid  tablets  seem  to  give  better  results. 
The  value  of  these  preparations  is  still  a  matter  of  dispute.  In  a 
recent  case  of  Danielsen,  all  ordinary  means  were  tried — calcium  salts, 
fresh  and  dried  parathyroids,  thyroid  and  parathjToid  tablets  without 
any  success.  Two  human  parathyroid  glands  were  then  transplanted 
between  the  abdominal  fascia  and  peritoneum  with  complete  success. 

The  tetany  of  pregnancy  is  usually  mild.  It  yields  to  a  combination 
of  the  bromide  and  calcium  treatment.  Fatal  cases,  however,  have 
been  recorded,  and  when  severe  and  the  child  is  viable,  the  preg- 
nancy should  be  terminated.  This  is,  however,  rarely  called  for.  If  the 
attacks  occur  during  labor,  and  the  ordinary  use  of  chloroform  does 
not  give  relief,  the  labor  can  be  terminated  by  the  use  of  the  forceps. 
If  the  attacks  are  especially  severe  during  lactation,  w^eaning  the  child 
gives  relief.  On  account  of  the  tendency  for  tetany  to  recur  preg- 
nancy should  be  avoided  in  the  future.  This  is  not  only  proved  by 
actual  experience  in  pregnant  women,  but  is  supported  by  the  animal 
experiment  of  Vasali  and  Generali,  who  showed  that  partially  para- 
thyroidectomized  animals,  who  showed  only  mild  tetany,  developed 
tetanic  attacks  in  each  subsequent  pregnancy  and  labor. 

CHOREA 

Synonyms. — Chorea;  St.  Vitus'  dance;  Sydenham's  chorea. 

Definition. — It  is  essential  for  a  clear  understanding  to  limit  the 
term  chorea  to  a  disturbance  of  the  nervous  system,  characterized 
by  widespread  muscular  movements,  involuntary  and  purposeless  in 
character,  acute  in  its  course  and  limited  in  duration,  and  often  depen- 
dent upon  a.  demonstrable  infection.    Habit  tics,  hysteria,  hereditary 
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chorea  and  myoclonus  must  not  be  considered  under  this  head,  they 
hc'injj;  essentially  different. 

Etiology. — The  causative  factors  underlying  the  dex^elopment  of 
chorea  are  of  prime  importance  in  the  consideration  of  the  treatment. 

In  the  vast  majority  of  cases  the  prime  etiological  factor  is  a  state 
of  irritable  weakness  of  the  nervous  system.  This  state  of  the  nervous 
system  may  be  inherited,  or  it  may  be  caused  by  a  bad  state  of  nutri- 
tion during  infancy,  or  early  childhood.  Quite  a  number  of  these 
children  present  the  lymphatic  constitution,  adenoids  with  enlarged 
tonsils,  hyperplasia  of  the  lymphatic  system,  with  a  hypoplasia  of 
the  cardiovascular  apparatus.  All  developing  nervous  systems  are 
characterized  by  irritability  and  lack  of  inhibition.  Emotions  are 
quickly  translated  into  motor  acts,  and  some  children  have  a  state  of 
muscular  instability  which  might  be  termed  natural  chorea. 

The  opinion  is  gaining  ground  that  chorea  is  an  infectious  neurosis. 
This  opinion  is  based  upon  the  frequent  association  of  chorea  with 
rheumatic  affections  of  the  joints  or  endocarditis.  The  chorea  usually 
follows  the  acute  affections  of  the  joints  or  endocarditis,  but  occasion- 
ally the  two  conditions  occur  simultaneously,  or  the  rheumatic  joint 
affections  may  occur  after  the  chorea  has  already  been  developed. 
As  to  the  endocarditis,  this  is  seen  only  in  an  acute  condition,  in  the 
violent  cases 

Chorea  may  follow  scarlatina  (2  out  of  112  cases),  whooping  cough, 
measles,  la  grippe,  and  other  infectious  diseases,  but  not  very  frequently. 

75  per  cent,  of  cases,  following  the  best  statistics  of  Thayer,  Osier, 
and  others,  are  still  unaccounted  for  on  the  basis  of  a  rheumatic 
infection.  Basing  an  opinion  on  the  great  prevalency  of  tonsillitis 
among  children  and  young  adults,  and  its  undoubted  relationship  to 
acute  articular  rheumatism,  it  is  not  impossible  that  the  toxins  of  ton- 
sillitis, secreted  and  absorbed  from  diseased  tonsils  may  play  a  great 
role  in  the  development  of  a  large  number  of  the  mild  cases  of  chorea 
in  which  there  is  neither  a  history  of  rheumatism  nor  evidences  of 
organic  heart  trouble.  Of  the  112  office  cases  referred  to  above,  11,  or 
about  10  per  cent.,  gave  a  history  of  tonsillitis  preceding  the  attack. 

In  quite  a  large  percentage  of  cases  no  toxin  can  be  demonstrated. 
It  is  the  expression  of  all  laryngologists,  however,  that  when  enlarged 
tonsils  are  removed  in  any  case  where  there  has  been  a  previous 
history  of  tonsillitis,  scarlatina,  or  diphtheria,  pus  is  invariably  found 
in  the  base  of  the  tonsil. 

In  some  cases  we  are  perhaps  dealing  only  with  an  exaggerated  state 
of  functional  irritability  and  loss  of  inhibition  of  the  nervous  system, 
caused  by  extreme  nervous  exhaustion.  Emotional  excitement  or  fright 
is  only  an  exciting  cause.  A  close  scrutiny  will  show  that  chorei- 
form movement  to  a  mild  degree  existed  before  the  emotional  shock. 
Out  of  112  cases  only  7  gave  a  history  of  a  scare.  Prolonged  mental 
strain  or  emotions  of  a  depressing  character  may  j)lay  an  important 
role  as  predisposing  factors.  Trauma  at  times  occurs  as  a  cau.se  (1  in 
112  cases). 
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Chorea  of  pregnancy  is  rather  infrequent  (2  in  112  cases).  It  occurs 
usual}}'  in  young  married  women  who  have  had  chorea  before.  It 
usually  occurs  in  the  first  pregnancy,  and  may  recur  in  subsequent 
ones.  It  is  seen  especially  in  illegitimate  pregnancy.  Ilere,  fear,  worry, 
and  a  sense  of  disgrace  are  predisposing  factors.  It  begins  in  the  second 
or  third  month,  and  while  it  occasionally  disappears  in  the  course  of 
two  or  three  months  it  usually  continues  until  delivery  has  taken  place, 
or  may  even  continue  during  lactation.  We  at  times  see  Basedow's 
disease  develop  during  pregnancy.  Whether  chorea  can  be  caused  by 
a  toxin  originating  from  a  lack  of  compensatory  balance  of  internal 
secretion  during  pregnancy  or  whether  it  is  a  reflex  internal  disturbance 
has  not  as  yet  been  determined. 

No  definite  conclusions  have  been  arrived  at  as  to  the  bacterial 
cause  underlying  the  infectious  agent  at  work  in  chorea. 

Pathology. — A  disease  which  terminates  in  the  vast  majority  of 
cases  favorably  cannot  have  any  gross  destructive  lesions  as  its  path- 
ological basis.  Even  the  paralytic  cases  recover  completely,  and  we 
are  therefore  justified  in  saying  that  the  toxin  produces  only  a  functional 
and  temporary  change  in  the  ganglionic  cells  involved.  It  has  always 
been  held  that  the  seat  of  the  affection  is  in  the  cortex  of  the  cerebral 
hemispheres,  but  this  view  has  more  recently  been  brought  in  question. 

We  can  conclude,  therefore,  that  the  gross  lesions,  such  as  hyperemia, 
embolic  or  thrombotic  areas  of  softening  in  the  cortex  or  basal  ganglia, 
minute  hemorrhages,  etc.,  which  are  found  in  fatal  cases  are  secondary 
to  the  endocarditis  and  the  septicemia,  and  that  there  are  no  gross 
lesions  either  in  the  brain  or  cord  in  the  ordinary  cases  of  chorea  minor. 

Symptomatology. — Mild  Cases.— The  vast  majority  of  cases  of  chorea 
are  of  the  mild  type.  There  may  be  a  prodromal  period  during  which 
the  child  is  fatigued  easily,  is  irritable,  inclined  to  cry  easily,  to  be  stub- 
born and  hard  to  manage.  The  digestion  may  be  poor  and  the  sleep 
restless.  Then  begin  the  involuntary,  incoordinate  movements.  They 
usually  begin  in  one  hand  or  arm,  then  perhaps  attack  the  leg  on  the 
same  side  or  the  opposite  arm.  At  the  same  time  the  muscles  of  the 
face  become  involved,  movements  of  the  mouth,  jaw,  and  orbicularis, 
the  making  of  grimaces.  Gradually  the  movements  increase  in  severity 
and  extension,  and  the  patient  is  in  a  constant  state  of  activity.  The 
movements  are  involuntary  and  without  purpose,  and  are  increased 
by  emotions,  and  especially  by  embarrassment.  Sometimes  the  move- 
ments are  more  marked  on  one  side,  and  then  we  have  the  so-called 
hemichorea.  The  tongue  cannot  be  held  in  a  protruded  position,  nor 
can  the  child  remain  quiet  on  command;  the  head  is  twisted  from  side 
to  side;  there  is  a  constant  play  of  the  fingers,  and  a  tugging  at  the 
garments,  flexion  and  extension  of  the  arms,  shrugging  of  the  shoulders. 

As  a  rule,  the  motor  unrest  does  not  afl'ect  the  eye  muscles, 
although  there  may  be  an  inability  to  fix  an  object. 

Speech  is  affected  even  in  mild  cases.  The  children  show  a  disin- 
clination to  speak  on  account  of  a  conviction  that  they  cannot  speak 
properly. 
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The  movements  are  never  rhythmic  nor  spasmodic;  they  are  con- 
stantly shifting  from  one  group  to  another;  arms,  face,  leg,  and  trunk 
muscles  are  affected  irregularly  and  in  constant  variation. 

Voluntary  movements  can  be  executed,  but  are  often  interfered  with 
by  the  intervention  of  the  involuntary.  Writing  and  manual  work 
usually  suffer  for  these  reasons,  and  whatever  movements  are  necessary 
are  executed  in  a  hasty  abrupt  manner.  Walking  is  usually  possible, 
although  the  gait  is  awkward. 

The  movements  usually  cease  during  sleep,  although  Oppenheim 
and  others  have  described  cases  of  chorea  nocturna,  in  which  the 
movements  were  most  marked  during  sleep. 

Severe  Cases. — These  cases  are  usually  unable  to  walk  on  account 
of  the  great  degree  of  motor  unrest,  but  are  mentally  still  in  a  normal 
state.  There  is  an  exaggeration  of  all  the  movements  described  above. 
The  body  may  show  many  bruises  caused  by  awkwardness  and  falls. 
Self-feeding,  which  in  the  mild  cases  was  possible,  excepting  a  few 
mishaps  with  fork  and  spoon,  is  now  impossible.  Mastication  and 
swallowing  become  difficult  on  account  of  the  constant  movements  of 
the  tongue  and  jaw  and  pharyngeal  muscles. 

Respiration  is  irregular  and  jerking.  Speech  becomes  very  much 
disturbed,  and  mutism  is  often  seen.  The  involvement  of  respiratory 
and  laryngeal  muscles  often  gives  rise  to  a  tendency  to  emit  inarticulate 
noises.  Motoric  unrest  and  incoordination  reaches  such  a  degree  as  to 
render  the  patient  unable  to  leave  bed,  and  renders  padding  of  the  bed 
necessary.  Sleep  is  much  disturbed,  emaciation  rapidly  sets  in.  Fever 
is  usually  present  and  acute  endocarditis  a  concomitant  condition. 
This  latter  state,  either  occurring  as  a  severe  case  from  the  start,  or 
rapidly  increasing  in  intensity,  has  been  called  chorea  insaniens.  The 
enormous  motor  unrest  (Folis  musculaire),  the  unintelligible  sounds 
emitted  at  irregular  intervals,  the  inability  of  the  patient  to  speak, 
the  anxious  facial  expression,  constantly  changed  by  grimaces,  give 
the  case  an  appearance  of  insanity,  which  is  rarely  real,  usually 
only  apparent.  In  a  few  cases  there  may  be  real  delirium,  but  it  is 
questionable  whether  this  is  not  caused  by  the  septic  fever  rather 
than  the  chorea  itself. 

Psychic  Changes. — In  the  mild  cases  of  chorea  we  usually  see  changes 
of  character,  rarely  distinct  mental  alienation.  In  adults  the  latter 
condition  occurs,  but  very  rarely.  Inattention,  lack  of  concentration, 
irritability,  and  emotional  instability  are  usually  present.  The  chil- 
dren become  self-willed,  disobedient,  and  rebel  against  restraint  and 
authority.  In  the  more  severe  cases  the  vacant  facial  expression 
denotes  the  mental  and  emotional  sluggishness.  At  times  night  terrors, 
visual  and  auditory  hallucinations  occur. 

Acute  delirium  may  occur  in  the  cases  which  terminate  fatally. 
If  these  latter  cases  recover,  they  may  have  a  condition  of  stupor 
and  acute  dementia,  from  which  the  recovery  may  not  be  complete. 

Oppenheim  states  that  adults,  more  especially  during  pregnancy, 
may  develop  a  real  psychosis,  under  the  picture  of  acute  hallucinatory 
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delirium,  witli  intercurrent  maniacal  states,  lasting  for  weeks,  followed 
by  a  state  of  mental  depression,  ending  either  in  recovery  or  death. 

In  a  few  cases,  distinct  hysterical  complications  are  seen,  manifesting 
themselves  in  the  form  of  echolalia  or  coprolalia. 

The  reflexes  are  usually  increased,  but  in  a  few  instances  may  be 
absent.  When  they  are  absent  it  has  been  attributed  to  hypotonia, 
although  the  writer  has  never  seen  this  condition. 

Paralytic  Phenomena. — Church  states  that  the  motor  power  is  dim- 
inished by  40  to  50  per  cent.  It  would  be  better  to  say  that  motor 
power  is  in  abeyance  rather  than  that  real  paralysis  occurs.  The  child 
is  brought  w^th  the  statement  that  one  side  of  the  body  is  paralyzed, 
the  arm  haUgs  limply,  and  the  leg  of  the  same  side  is  dragged.  The 
child,  however,  walks,  and,  on  command,  can  execute  all  move- 
ments with  the  affected  extremities.  Other  cases  present  a  picture  of 
paretic  ataxia  which  renders  them  hardly  able  to  walk.  This  condition 
can  attain  such  a  degree  that  the  patient  lies  in  bed  as  if  paralyzed, 
the  upper  extremities  and  face  may  show  choreic  movements,  but 
they  can  be  detected  only  with  difficulty  in  the  involved  extremities 
(chorea  mollis,  limp  chorea,  paralytic  chorea).  The  muscle  tone  may 
be  lowered  and  the  reflexes  diminished;  this  condition  may  follow  or 
precede  choreic  movements;  the  muscles,  however,  usually  retain  their 
normal  volume,  and  the  electrical  excitability  remains  unchanged. 
An  examination  of  the  affected  extremities  fails  to  show  any  evidence 
of  the  organic  origin  of  the  weakness;  there  is  no  rigidity  and  no 
ankle  clonus  or  Babinski  sign.  The  pseudoparalysis  disappears  with 
the  subsidence  of  the  choreic  movements  elsewhere,  and  its  origin 
may  be  due  to  the  influence  of  the  toxins  on  the  cord  cells,  although 
in  some  of  these  cases  the  writer  is  convinced  that  the  paresis  was 
due  to  autosuggestion. 

Course,  Duration,  and  Prognosis. — There  does  not  seem  to  be  much 
difference  in  duration  between  mild  and  grave  cases  of  chorea.  The 
average  duration  in  the  writer's  experience  has  been  between  two  and 
three  months.  The  fatal  cases  seem  to  run  a  much  shorter  course, 
usually  between  two  and  three  weeks.  Cases,  however,  may  become 
chronic,  lasting  even  several  years.  The  tendency  to  relapse  is 
marked. 

The  prognosis  is  more  grave  in  the  chorea  of  pregnancy.  While 
occasionally  the  chorea  of  pregnancy  may  run  its  course  in  two  or 
three  months,  it  usually  persists  throughout  pregnancy,  and  usually 
terminates  soon  after  delivery,  although  it  may  persist  during  lacta- 
tion. The  mortality  during  pregnancy  is  as  high  as  25  per  cent.  The 
total  mortality  is  not  over  2  per  cent. 

Treatment. — ^Prophylactic. — Many  children  have  almost  a  natural 
chorea.  Inhibition  is  at  a  very  low  ebb  in  most  modern  children,  both 
in  the  tenements  and  in  the  pampered  children.  Emotion  and  desire 
are  almost  instantly  transferred  into  muscular  activity.  The  children 
are  not  only  active,  but  irritable,  restless,  fretful  under  restraint,  and 
unremitting  in  their  endeavor  to  carry  out  all  and  especially  forbidden 
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acts.  These  children  are  usually  tall,  thin  of  skin,  narrow  and  long  of 
chest,  long-legged  with  poorly  developed  muscular  and  osseous  systems. 
In  addition  such  children  are  of  lymphatic  constitution  with  adenoids, 
large  tonsils  and,  perhaps,  a  hypocardiovascular  system.  These  children 
are  prone  to  the  development  of  infectious  diseases  and  more  especially 
tonsillitis.  The  prophylaxis  consists  in  curbing  the  natural  tendencies 
to  restlessness  in  these  children  by  keeping  them  within  the  narrow 
confines  of  a  simple  child  life.  The  first  requisite  for  each  child  is  a  long 
night's  rest  in  bed,  not  less  than  ten  to  twelve  hours,  with  an  hour  or 
two  in  bed  at  noon.  They  should  have  daily  spray  baths,  just  a  dash 
of  hot  and  cold  water  while  standing  in  two  or  three  inches  of  warm 
*  water.  The  meals  should  be  very  simple,  milk,  cocoa,  bread,  cereals, 
fruits,  thick  vegetable  soup,  fresh  vegetables;  and  the  meals  arranged 
so  that  they  may  be  at  least  four  hours  apart,  with  only  milk  or  fruit 
between  meals.  The  last  meal  of  stewed  fruit,  milk,  and  bread  should 
be  given  at  5.30  p.m.,  so  that  the  child  can  be  in  bed  not  later  than 

7  P.M. 

The  motor  activity  and  restlessness  can  have  an  outlet  in  out-door 
play,  or  if  the  child  is  over  four  or  five  years  old  in  nature  schools  rather 
than  kindergartens.  Nature  schools  are  preferable,  because  they 
entail  outdoor  life  all  the  year  round;  the  interests  are  sustained 
better  by  inquiry  into  the  traits  of  plants,  trees,  flowers,  birds,  and 
animals  rather  than  by  the  systematic  routine  play  and  walk  in  the 
kindergarten. 

These  children  are  all  very  apt  at  learning,  and  whenever  possible 
should  have  some  private  tutoring,  and  should  not  enter  on  the 
regular  routine  of  school  until  the  ninth  or  tenth  year. 

The  systematic  removal  of  adenoids  and  enlarged  tonsils,  especially 
if  there  has  already  been  an  attack  of  tonsillitis,  is  the  most  important 
of  the  prophylactic  measures.  It  is  hardl}^  necessary  to  call  attention 
to  the  relation  between  tonsillitis  and  rheumatism.  But  aside  from  the 
size  of  tonsils  interfering  with  proper  sleep,  and  the  proper  oxygenation 
of  the  blood,  it  is  the  constant  experience  that  the  base  of  the  tonsil 
which  has  been  the  seat  of  an  infection  always  contains  pockets  of 
pus.  We  have  therefore  from  enlarged  tonsils  a  constant  absorption 
of  toxins,  and  if  these  latter  are  not  the  actual  cause  of  chorea,  they, 
combined  with  the  mechanical  disturbances  of  enlarged  tonsils  above 
referred  to,  produce  anemia  and  general  nervousness  and  render  the 
child  an  easy  victim  to  the  infection  which  actually  causes  the  chorea. 
The  tonsils  should  be  removed  radically,  for  the  tonsillotomc  merely 
removes  the  redundant  top  and  leaves  behind  the  infected  base. 

General  Treatment. — When  the  chorea  is  actually  developed  the 
course  of  treatment  varies  with  the  grade  of  severity  of  the  case. 
The  child  if  it  is  old  enough  to  go  to  school  should  bo  kept  at 
home.  As  a  matter  of  course  all  sources  of  emotional  excitement 
should  be  removed.  All  tendency  to  correct  or  punish  the  child  for 
its  wilfulness  or  disobedience  should  be  warned  against. 

The  ordinary  mild  case  with  an  absence  of  fever  and  no  evidence 
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of  an  acute  endocarditis  is  trcatecj  better  by  a  combination  of  rest  and 
out-door  life  by  being  put  to  bed.  The  child  usually  rebels  against 
confinement  in  bed  on  account  of  the  mental  and  physical  restlessness, 
and  unless  a  skilful  and  resourceful  nurse  can  be  employed  I  have 
found  that  the  following  regime  is  best  in  the  great  majority  of  cases: 
The  bath  should  be  given  at  7  a.m.,  either  a  sponge  or  a  spray  bath, 
one  minute  hot,  one  minute  cold,  preferably  in  a  bath  tub  with  three; 
or  four  inches  of  hot  water  in  which  the  child  can  stand.  In  cool  or 
cold  weather  the  room  should  be  warm.  The  child  is  then  put  to  bed 
again  and  given  a  breakfast  at  7.30  a.m.  It  is  allowed  to  remain  in 
bed  until  9  a.m.,  and  then  dressed  and  sent  out  of  doors,  either  to  walk 
or  perhaps  play  with  one  or  two  other  children.  At  10.30  a  glass  of 
milk  is  given,  at  12.30  dinner,  and  at  1  o'clock  the  child  is  undressed 
and  put  to  bed  for  two  hours.  The  afternoon  is  spent  out  of  doors  if 
possible.  Supper  is  given  at  5.30.  At  7  a  prolonged  warm  tub  bath 
(90°  or  100°)  for  five  or  ten  minutes,  or  a  warm  sponge  bath  for  two 
or  three  minutes  is  given;  the  child  is  then  put  to  bed. 

The  diet  should  be  simple  and  plain.  No  coffee,  tea,  or  alcohol  is 
allowable.  Usually  it  is  best  to  exclude  beef  and  an  excess  of  salt  from 
the  diet. 

In  the  more  severe  cases  the  poor  should  be  sent  to  hospitals  and  the 
well-to-do  put  to  bed  at  home  in  charge  of  a  trained  nurse.  Strict 
isolation  is  not  necessary  unless  there  is  an  hysterical  element.  When 
in  bed  all  the  physical  adjuncts  of  a  rest-cure  should  be  given,  viz., 
massage,  hot  packs  for  fifteen  to  twenty  minutes  if  the  restlessness  will 
allow  it,  spray  baths,  active  and  passive  movements,  and  alcohol  rubs 
at  night.  It  is  needless  to  say  that  proper  protection  must  be  taken 
to  prevent  the  child  in  the  restlessness  from  falling  out  of  bed  or  from 
bruising  itself. 

It  is  very  important  to  correct  any  tendency  to  intestinal  indigestion 
which  manifests  itself  by  distention  of  the  stomach  and  intestines  with 
gas.  This  is  often  the  result  of  irregularity  in  the  time  of  eating  meals, 
and  is  often  corrected  by  having  an  interval  of  four  hours  or  more 
between  meals,  with  nothing  but  fruit  in  the  intervals.  If  this  does 
not  suffice  it  will  be  necessary  to  eliminate  all  of  the  starches  from 
the  diet  list,  excluding  potatoes,  sweet  potatoes,  carrots,  turnips,  peas, 
dried  beans,  white  bread,  breakfast  foods,  pastry,  pies,  pudding,  cake, 
and  soft  candies. 

In  the  severe  cases,  especially  when  fever  and  rheumatic  joint  affec- 
tions are  a  complication,  free  saline  catharsis  with  small  doses  of  calomel 
and  sodii  benzoate  should  be  given  on  the  first  day  to  be  followed  at 
once  with  doses  of  sodium  salicylate  (freshly  precipitated)  of  sufficient 
size  and  frequency  to  produce  the  physiological  effect.  Aspirin  and 
novaspirin  can  be  used,  but  salophen,  antipyrine,  and  all  coal-tar 
derivatives  had  better  be  avoided  on  account  of  the  possibility  of  an 
infectious  myocarditis  being  present,  even  though  signs  of  an  endocar- 
ditis are  not  manifest.  Brilliant  results,  however,  have  been  reported 
in  very  acute  cases  as  a  result  of  the  use  of  large  doses  of  antipyrine.  In 
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children,  from  3  to  5  grains,  in  adults  15  grains  every  two  or  three 
hours,  have  been  given  with  good  results. 

In  ambulant  cases  a  combination  of  iron  and  arsenic  should  be  given 
either  separately  or  combined  in  such  a  manner  that  the  arsenic  can  be 
pushed  in  the  course  of  two  or  three  weeks  until  the  eyes  become  puffed, 
or  colicky  pains  and  looseness  of  the  bowels  result.  Mere  puffing  of 
the  eyelids  in  the  morning  should  not  cause  a  discontinuance  of  the 
arsenic.  When  the  maximum  dose  which  the  individual  can  tolerate 
has  been  reached,  this  dose  should  be  continued  for  at  least  four  weeks, 
and  then  the  dose  reduced  in  the  same  gradual  way  as  it  was  increased. 
Although  iron  and  arsenic  seem  incompatible  I  have  for  years  combined 
Fowler's  solution  with  the  albuminate  of  iron: 

I^— Sol.  Fowlerii  20.0 

Liq.  ferri  album.,  Drees  40.0 — M. 

Sig. — Begin  with  10  drops  t.  i.  d.,  after  meals. 

Take  one  drop  more  each  day  until  dose  reaches  25  to  30  drops.  In 
this  manner  the  Fowler's  solution  is  increased  by  |  drop  each  day. 

Arsenious  acid  may  be  given  in  dose  varying  from  gr.  yi^-  to 
(0.0005  to  0.001),  varying  with  the  age,  and  can  be  combined  in  pill 
form  with  some  preparation  of  iron.  This  combination  has  the  dis- 
advantage of  an  impossibility  of  the  gradual  increase  of  the  arsenic. 
In  older  individuals  the  cacodylate  of  sodium  can  be  given  intra- 
muscularly, at  first  daily  for  six  or  seven  days,  then  every  second  day 
until  twenty-four  doses  are  given.  The  dose  should  vary  with  the  age, 
from  0.03  to  0.1  gram  or  |  to  2  grains.  This  preparation  of  arsenic 
is  more  appropriate  for  the  severer  cases  or  for  chorea  insaniens.  It 
is  less  apt  to  produce  signs  of  arsenical  intoxication  than  arsenical 
preparations  which  are  administered  by  the  mouth. 

Sedatives  are  nearly  always  indicated,  and  except  for  the  chorea 
insaniens,  the  bromide  preparations  usually  suffice.  The  bromides  are 
rarely  indicated  during  the  day  and  had  best  be  avoided  on  account 
of  their  tendency  to  disturb  the  digestion.  The  bromide  of  strontium 
is  the  least  harmful,  and  it  should  be  given  at  bedtime  or  three  or  four 
hours  after  supper,  in  doses  varying,  for  age,  from  10  to  40  grs.  (0.6 
to  3.0).  Even  in  the  more  violent  cases  the  bromides  are  preferable 
to  chloral,  on  account  of  the  depressing  influence  of  the  latter  drug  on 
the  heart.  Oppenheim  has  seen  good  results  in  very  bad  cases  of  chorea 
insaniens  from  the  use  of  the  hypodermic  injections  of  morphine.  In 
a  disease,  however,  in  which  infection  plays  such  a  prominent  role  all 
opiates  had  better  be  avoided,  except  as  a  last  resource,  and  then 
special  attention  must  be  paid  to  intestinal  elimination.  In  these 
cases  of  chorea  insaniens  hyoscine  hydrobromate  is  indicated,  but  must 
be  used  with  great  care,  and  in  very  small  doses.  All  the  other  seda- 
tives have  been  used,  chloralamid,  camphor  monobromate,  sulphonal. 
trional,  valerianate  of  zinc,  and  brilliant  results  have  been  obtained. 
Apomorphiiu"  has  been  found  to  be  useful  in  the  treatment  of  the  very 
severe  cases.    Electricity  is  superfluous  and  of  <k)ubtful  value. 
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In  prolont^ed  cases  the  method  of  reeducation  of  Meige  and  Feindel, 
the  inhibition  therapy  of  Oppenheim,  and  the  respiratory  exercises  of 
Pitres  can  be  resorted  to.  For  a  description  of  these  methods  see 
treatment  of  tic  convulsive. 

Hypnotism  is  certainly  not  indicated  in  the  milder  cases,  and  in  the 
severer  cases  it  cannot  be  successfully  carried  out.  It  is  questionable 
whether  the  successes  reported  by  this  measure  were  in  cases  of  acute 
chorea  of  an  infectious  type.  Chorea  insaniens,  of  course,  demands 
bed  treatment;  the  bed  should  be  boxed  in,  and  padded,  and  the  patient 
given  the  freedom  of  a  large  bed  without  mechanical  restraint.  In 
cases  with  fever,  it  is  advisable  after  free  catharsis  with  calomel  and 
salts,  to  institute  the  sodii  salicylate  treatment  in  large  doses.  This 
should  be  continued  for  three  or  four  days,  or  even  a  week  before  it  is 
given  up  as  useless.  After  the  salicylates  have  failed,  the  cacodylate 
of  sodium  should  be  used  as  described  above.  The  hypodermic  use 
of  hyoscine  hydrobromate  or  morphine  may  be  necessary,  but  before 
these  are  resorted  to,  a  combination  of  chloral  and  bromide  should  be 
given  every  two  or  three  hours.  The  other  sedatives  described  above 
can  be  used  if  these  fail.  The  chief  indication  in  these  cases  is  the 
feeding,  and  on  account  of  the  great  difficulty  of  mastication  the 
diet  should  be  restricted  to  milk  and  raw  eggs  and  other  liquid  foods 
with  an  abundance  of  water. 

The  chorea  of  pregnancy  requires  special  consideration.  On  account 
of  the  danger  of  injuring  the  unborn  child,  it  is  best  to  confine  the 
use  of  sedatives  to  the  bromide  of  strontium,  and  to  be  careful  in  the 
administration  of  arsenic,  avoiding  the  maximal  doses.  The  use  of 
the  cacodylate  of  sodium  hypodermically  in  one  grain  doses  in  the 
chorea  of  pregnancy  had  no  bad  effect  on  the  course  of  the  pregnancy 
in  a  recent  case  treated  by  the  writer.  The  question  of  bringing  on 
labor  in  the  very  violent  cases  often  has  to  be  considered.  This  may  be 
necessary  on  account  of  the  violence  of  the  movements,  the  acuteness 
of  the  exhaustion,  the  accentuation  of  or  danger  from  a  heart  lesion, 
the  presence  of  nephritis,  or  the  onset  of  an  acute  psychosis. 

In  the  WTiter's  opinion,  this  ancient  ethical  question  can  only  be 
answered  in  the  affirmative,  when  the  pregnancy  has  advanced  to  the 
stage  at  which  a  viable  child  can  be  born.  It  must  be  borne  in  mind 
that  it  is  not  infrequent  for  severe  violent  cases  of  chorea,  even 
chorea  insaniens  to  run  the  ordinary  course  in  the  early  months  of 
pregnancy  and  terminate  in  recovery  in  two  or  three  months  without 
interfering  with  the  pregnancy. 

THOMSEN'S  DISEASE  (MYOTONIA  CONGENITA) 

Etiology. — The  most  pronounced  factor  in  causation  is  heredity; 
usually  several  members  of  the  same  family  are  afl'ected  at  the  same 
time.    It  can  be  traced  either  in  the  direct  line  or  in  collateral  lines. 

Bloofl  relationship  (Bernhardt)  between  the  parents  has  been  known 
to  originate  the  disease  in  the  offspring.    In  some  cases  (myotonia 
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acqiiisita)  no  hereditary  predisposition  could  be  established.  In  some 
families  there  is  a  history  of  neuropathic  or  psychopathic  degeneracy. 

The  disease  may  orginate  in  infancy.  In  childhood,  the  children  are 
awkward,  stifl',  and  cannot  play  out-door  games  well.  It  most  fre- 
quently becomes  very  manifest  about  the  age  of  twenty.  Sometimes 
fright  has  been  known  to  be  the  immediate  cause,  but  it  is  held  that 
this  factor  brings  into  active  manifestation  a  condition  which  was 
either  latent  or  so  mild  that  its  symptoms  were  misinterpreted  and  the 
individual  was  regarded  as  being  merely  awkward  and  clumsy. 

Pathology. — The  basis  of  the  disease  is  perhaps  a  congenitally  defec- 
tive condition  of  the  neuromuscular  end-apparatus.  Knoblauch  holds 
that  in  myotonia  we  have  the  antithesis  of  myasthenia.  In  the  latter 
disease  the  congenital  defect  in  the  formation  of  the  muscles  shows  itself 
in  a  predominance  and  pathological  excess  of  the  pale,  striated  muscle 
fibers ;  in  myotonia  there  is  an  excess  of  the  red  striated ;  the  defect  is 
an  embryological  one. 

The  fact  that  a  number  of  cases  of  myotonia  develop  atrophies  lends 
color  to  the  assumption  that  myotonia  is  related  to  the  dystrophies,  and 
perhaps  this  form  is  the  connecting  link  between  the  two.  Some  of 
the  histological  examinations  show  the  presence  of  some  muscle  fibers 
in  a  more  or  less  advanced  state  of  atrophy,  side  by  side,  with  hyper- 
trophic fibers  (Hoffman,  Pels,  Koch,  Frohman) . 

Our  knowledge  of  the  pathology  is  limited  to  the  study  of  muscle 
tissue  excised  during  life.  Most  of  the  investigations  seem  to  indicate 
that  we  are  dealing  with  a  primary  disease  of  the  muscles. 

Most  writers  today  hold  the  myopathic  theory  of  the  origin  of  this 
disease.  We  have,  perhaps,  according  to  Knoblauch's  theory,  a  con- 
genitally defective  organization  of  the  muscle  tissue,  and  as  an 
exciting  cause  a  toxin  which  results  from  a  disease  of  metabolism. 

Voss  has  lately  proposed  the  theory  that  myotonia  is  nothing  but 
a  modification  of  the  spasm  of  tetany,  because  of  the  fact  that  tetany 
and  myotonia  are  often  seen  combined  in  the  same  individual.  The 
value  of  this  suggestion  is  that  myotonia,  like  tetany,  may  be  due  to 
a  deficiency  of  parathyroid  action,  and  that  the  disorder  of  metabolism 
may  yield  to  the  same  treatment,  viz.,  the  calcium  salts.  Similar  obser- 
vations in  tetany  have  been  made  by  Frankl-Hochwart,  Karporek, 
Bettman,  and  Hoffman;  but  Frankl-Hochwart  rather  denies  that  the 
spasms  seen  in  tetany  should  be  classed  with  myotonia. 

Symptoms. — Myotonia  is  a  disease  in  which  \'oluntary  contraction 
of  muscles  brings  on  spasms  of  the  group  whose  use  is  attempted. 
These  spasms  inhibit  all  movements  for  the  time  being  or  make  the 
movements  awkward  and  clumsy.  The  muscles  affected  appear  hyper- 
trophied  and  firm,  but  the  muscular  power  evolved  is  less  than  normal. 
One  of  the  striking  chnracteristics  of  the  disease  is  the  apparently 
powerful  development  of  the  muscles  in  contrast  to  their  weakness; 
although  (Mann)  the  weakness  which  is  present  on  beginning  use  of 
the  muscle  is  said  to  disa})pear  with  exercise.  The  hypertrophy  is 
more  marked  in  the  muscles  which  are  mostly  affected  by  the  disease. 


THOMSEN'S  DISEASE 


213 


In  infancy, the  disease  may  manifest  itself  by  defective  use  of  the  tongue 
and  Hps  in  nursing,  or  by  the  sudden  rigidity  of  the  face  during  crjdng. 

Older  children  are  usually  awkward  and  clumsy  and  cannot  take 
part  in  the  outdoor  play  of  children.  The  chief  clinical  manifestation 
is  the  occurrence  of  tonic  spasms  in  muscles  whose  use  is  attempted. 
These  spasms  are  especially  apt  to  occur  when  a  quick  voluntary  move- 
ment is  attempted,  such  as  making  a  fist,  flexing  the  arm  on  the  fore- 
arm, or  sudden  closing  of  the  mouth.  The  spasms  cannot  be  relaxed 
by  the  will,  but  after  a  variable  period  of  time,  from  five  to  thirty 
seconds,  relaxation  sets  in.  The  spasm  is  repeated  each  time  a  muscular 
effort  is  attempted,  but  each  succeeding  spasm  is  less  violent  and  less 
prolonged.  Finally  if  the  voluntary  effort  is  persisted  in,  the  spasm 
ceases  and  the  intended  movement  can  be  accomplished,  but  a  change 
in  the  rhythm  of  the  muscular  action  or  the  rapidity  is  accompanied 
by  a  new  series  of  spasms.  Thus,  on  arising  from  a  chair,  the  movement 
of  the  legs  is  hindered  at  once  by  a  spasm  of  the  muscles  of  the  legs 
and  thighs,  as  the  spasm  relaxes,  the  attempt  to  walk  is  immediately 
followed  by  a  second  spasm,  but  as  the  attempt  to  walk  is  persisted 
in  the  spasm  gradually  dies  out  and  the  patient  is  able  to  walk  long 
distances,  or  to  dance  without  any  inconvenience;  after  a  rest  the  same 
phenomena  are  again  observed;  a  halt,  or  sharp  turn,  or  a  change  in 
the  rapidity  of  the  gait  may  bring  on  a  new  series  of  spasms.  Passive 
movements  do  not  bring  on  the  spasm. 

An  attempt  to  elicit  reflexes  will  bring  on  a  spasm  in  the  contracting 
muscles,  and  thus  change  the  nature  of  the  reflex  contraction.  The 
spasms  are  never  painful,  an  energetic  reflex  movement,  such  as  sneez- 
ing and  coughing,  or  a  sudden  start  as  a  result  of  fright,  may  bring  on 
such  a  widespread  tonic  spasm,  as  to  cause  the  individual  to  fall  to 
the  ground,  rigid,  stiff,  incapable  of  any  movement,  until  the  muscles 
relax. 

Fatigue,  hunger,  extremes  of  cold  and  heat,  mental  depression  all 
increase  the  violence  of  the  spastic  contractions.  Mental  quietude, 
moderate  use  of  alcohol,  hot  tea,  moderate  exercise,  and  warmth 
diminish  the  spasms. 

These  muscular  spasms  are  characterized  by  their  slowness,  by 
their  tonic  character,  and  by  the  continuance  of  the  muscular  con- 
traction after  the  voluntary  impulse  originating  it  has  ceased.  All 
of  the  voluntary  muscles  of  the  body  may  be  affected,  including  the 
orbicularis  palpebrarum,  the  external  eye  muscles,  and  the  muscles 
of  mastication.  The  muscles  involved  in  vital  functions,  such  as 
swallowing,  respiration,  micturition,  defecation,  and  parturition,  do  not 
seem  to  be  affected. 

The  disease  affects'  principally  the  lower  extremities.  It  may  be 
more  marked  in  one  group  of  muscles,  and  only  slightly  in  others.  It 
may  remain  restricted  to  only  a  small  group  of  muscles  or  even  a  single 
group.  Thus,  Oppenheim  reports  a  case  limited  to  the  orbicularis 
palpebrarum.  At  times  the  upper  extremities  are  more  involved  than 
the  lower,  but  this  is  the  exception. 
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Paramyotonia  Congenita. — Euleiiburg  and  Bernhard  have  described 
a  form  of  myotonia  which  affects  symmetrica!  groups  of  muscles,  and 
in  which  the  myotonic  spasms  can  be  brought  on  by  exposure  to  cold. 
The  muscles  affected  are  those  of  the  face,  neck,  deglutition,  and 
extremities.  The  spasm  may  last  as  long  as  fifteen  minutes  and  render 
the  individual  helpless.  After  the  spasm  passes  away  the  muscles  are 
paretic,  and  the  weakness  may  last  for  hours  or  even  days. 

Myotonia  acquisita  is  a  form  of  this  trouble  which  shows  various 
symptoms  of  myotonia  in  individuals  who  have  no  family  history  of 
the  disease.  The  cause  in  these  cases  is  attributed  t6  injury  or  to 
overstrain.  The  spasm  occurs  partly  when  the  muscles  are  at  rest, 
and  appear  especially  after  exhaustive  use  of  the  muscles.  This  form 
seems  more  favorable;  the  manifestations  are  of  an  intermittent 
character  and  seem  curable.  Man}^  of  these  cases  are  so  mild  as  to 
cause  little  inconvenience.  Others  show  an  absence  of  the  myotonic 
reaction  of  the  muscles. 

Diagnosis. — The  diagnosis  is  easy  in  typical  cases.  The  arrest  of 
voluntary  movements  by  the  occurrence  of  spasms  of  a  tonic  character, 
and  the  presence  of  the  myotonic  reaction  in  the  muscles,  occurs  only 
in  Thomsen's  disease. 

Prognosis. — The  prognosis  as  to  cure  is  bad,  although  intermissions 
occur  at  times.  The  disease  lasts  throughout  the  life  of  the  patient, 
but  is  not  progressive  in  character. 

Treatment. — If  the  disease  is  fundamentally  due  to  an  embryological 
maldevelopment  of  the  muscles  there  can  be  no  hope  of  effecting  a 
cure.  The  fact,  however,  that  its  manifestations  are  mild  early  in  life, 
and  that  there  is  a  progressive  increase  in  the  severity  of  the  sj'^mptoms 
up  to  a  certain  age,  and  that  the  first  manifestations  of  the  disease  do 
not  occur  in  some  cases  until  adult  life  is  reached,  leaves  some  hope 
that  an  exciting  cause  in  the  form  of  a  general  disorder  of  metabolism 
may  be  present,  which  may  be  combated.  If  the  contention  of  Bech- 
terew  is  true,  that  there  is  present  a  gouty  diathesis,  the  indications 
for  treatment  along  these  lines  should  be  given  a  fair  trial.  Voss' 
observations  of  the  relationship  between  myoclonia  and  tetany  deserve 
attention.  Spasms  occur  in  both  disorders,  and  the  difference  in  the 
form  of  the  spasms  and  the  manner  of  their  occurrence  might  be  due 
to  structural  differences  in  the  muscles.  If  the  toxic  element  is  due  to 
a  disordered  metabolism  caused  by  hypoparathyroidism  the  calcium 
treatment  as  outlined  in  the  chapter  on  Tetany  should  be  instituted; 
at  the  same  time,  there  should  be  a  preponderance  in  the  diet  of  those 
foods,  like  milk  and  eggs,  which  are  rich  in  calcium  salts. 

Thyroid  and  orchitic  extracts  have  been  used  without  results.  Bas- 
ing his  treatment  on  the  theory  that  the  hyperexcitability  of  the 
muscles  was  caused  by  deformity  or  malformation  of  the  terminal  end- 
plates  in  the  muscles,  Gessler  attempted  in  two  cases  to  cause  a  complete 
degeneration  of  these  end-plates  by  stretching  the  nerve  trunks  in  the 
lower  extremities,  and  reported  favorable  results  as  far  as  an  impro^•e- 
ment  in  the  spasms  was  concerned.    Both  of  Gessler's  cases  were  later 
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on  critically  examined  by  Leiffer,  and  he  found  that  the  improvement 
was  only  a  temporary  one,  but  that  on  the  contrary  the  patients  were 
inconvenienced  and  damaged  by  the  resulting?  paresis  of  the  muscles 
and  the  development  of  sensory  defects.  The  attempt  at  nerve 
stretching  has  not  been  repeated. 

IMild  gymnastic  treatment  and  massage  produce  an  improvement, 
moderate  regular  exercise,  walking  for  instance,  is  found  to  be 
beneficial. 

Hydrotherapy  has  also  been  advocated.  The  internal  administra- 
tion of  tonics  and  the  iodide  of  sodium  may  be  of  some  value.  In  a 
prophylactic  wa>'  the  patient  should  avoid  exposure  to  cold  by  dress- 
ing properly  and  should  strive  as  far  as  possible  to  avoid  emotional 
disturbances  and  excessive  fatigue. 

HUNTINGTON'S  CHOREA 

Synonyms.  —  Chorea  chronica  progressiva;  chorea  hereditaria; 
dementia  choreica. 

Etiology. — This  disease  is  distinctly  a  family  affection,  and  is  inherited 
alike  by  the  male  and  female  members.  Some  reporters  assert  that 
when  it  skips  a  generation  the  disease  dies  out  in  that  branch  of  the 
family. 

The  disease  usually  comes  on  in  adult  life,  between  thirty  and  forty 
years  of  age.  Heilbronner  states  that  the  disease  shows  a  tendency 
to  develop  later  in  life  in  succeeding  generations. 

Symptomatology. — The  symptoms  present  a  combination  of  motor 
unrest,  associated  with  slowly  progressing  mental  deterioration, 
terminating  in  dementia. 

The  onset  of  the  motor  unrest  is  gradual,  beginning  in  the  face  and 
hands,  increasing  in  extension  and  intensity  as  the  years  pass  by,  until 
all  voluntary  muscles  are  affected.  The  movements  on  the  whole 
resemble  those  of  acute  chorea.  The  movements  are  involuntary, 
purposeless,  and  incoordinated;  the  face,  arms,  trunk,  and  legs  are  in 
a  state  of  constant  movement;  the  face  is  drawn  up  on  one  side,  the 
shoulders  elevated,  the  fingers  flexed  and  extended,  the  trunk  twisted, 
the  legs  jerked  about,  there  is  constant  grimacing  and  incoordinate 
gesticulation.  The  eye  muscles  are  usually  not  affected.  Speech  is 
interfered  with  by  the  movements  of  lips  and  tongue.  The  gait  becomes 
uncertain  and  unsteady,  due  to  jerking  movements  of  the  legs.  The 
movements  are  all  increased  by  emotional  disturbances.  They  usually 
cease  during  sleep.  Volition  exerts  a  calming  influence,  and  patients 
can  suppress  the  motor  unrest  sufficiently  to  dress  and  feed  themselves, 
except  in  the  advanced  stages.  Intention  movements  have  a  temporary 
inhibiting  effect  on  the  choreic  movements. 

Walking  is  possible  even  in  the  advanced  stages,  but  the  gait  becomes 
unsteady  and  often  grotesque,  as  a  result  of  the  sudden  and  quickly 
changing-  irregular  and  unexpected  movements  of  the  trunk,  hip,  and 
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legs.  Muscular  power  usually  remains  normal.  In  the  writer's  case 
there  was  a  {)aresis  of  the  left  facial  region.  In  one  case  a  hemiparesis. 
was  noted.  The  reflexes  are  usually  exaggerated.  In  the  writer's  case 
they  were  absent.    Sensation  is  normal. 

In  addition  to  the  motor  phenomena,  mental  changes  are  invariably 
noted.  These  usually  begin  after  the  choreic  movements  have  been 
in  existence  for  some  years.  In  the  beginning  they  take  the  form  of 
apathy,  indifference,  and  lack  of  concentration.  Often  there  is  added 
marked  mental  depression,  alternating  with  irritability  and  even  pass- 
ing conditions  of  acute  excitement.  Throughout  the  course  of  the 
disease,  there  develops  a  gradually  increasing  mental  weakness  which 
in  many  cases  terminates  in  dementia. 

Prognosis. — The  prognosis  is  bad,  t|ie  disease  is  progressive,  and  its 
duration  varies  from  eight  to  thirty  years.  If  the  patient  does  not 
die  of  an  intercurrent  disease,  he  finally  becomes  bedfast,  and  dies 
of  malnutrition,  or  in  the  state  of  coma  superinduced  by  repeated 
attacks  of  pachymeningitis  interna  hsemorrhagica.  Some  cases  do  not 
pass  into  the  state  of  terminal  dementia. 

Treatment. — There  is  but  one  ray  of  hope  in  the  treatment  of  chronic 
chorea,  and  that  is  the  close  resemblance  of  the  pathological  findings 
to  those  of  dementia  paralytica.  There  is  a  possibility  that  the  heredi- 
tary role  may  be  played  by  an  attenuated  form  of  syphilis,  and  that  a 
mild  continuous  use  of  antisyphilitic  treatment  in  the  form  of  mercury, 
iodide  of  potassium,  and  the  intermuscular  injections  of  cacodylate  of 
sodium  may  be  of  some  use.  In  a  disease  as  hopeless  in  its  therapy 
as  this  one  is  there  can  be  no  serious  contraindication  to  the  intra- 
venous administration  of  salvarsan.  Sedatives  are  always  indicated, 
and  the  movements  may  be  ameliorated  by  the  use  of  bromide  of 
strontium,  given  in  30  to  40  grain  doses  at  bedtime.  The  general 
hj^giene  should  be  the  same  as  that  of  acute  chorea. 

CHOREA  ELECTRICA 

Under  this  heading  various  conditions  have  been  described  which 
are  partly  of  an  infectious  character,  partly  hysterical,  and  in  part 
bearing  a  resemblance  to  myoclonia. 

Dubini's  Disease.  —  This  obscure  disease  was  first  described  by 
Dubini  in  1845.  It  bears  no  resemblance  whatever  either  to  acute  or 
chronic  chorea,  but  has  derived  the  name  of  electric  chorea  from  the 
quick  jerking  movements  which  are  present  in  the  face  and  extremities. 

Etiology. — The  disease  occurs  in  and  seems  confined  to  Northern 
Italy,  and  especially  Lombardy.  The  cause  is  unknown,  although 
infection  seems  to  play  the  chief  role.   It  can  occur  at  any  age. 

Pathology.  —  The  pathological  findings  are  those  of  an  infectious 
cerebrospinal  meningitis.  There  is  no  pus  formation,  the  meninges 
are  inflamed,  the  cerebrospinal  fluid  is  increased,  areas  of  softening 
in  the  cortex  and  basal  ganglia  are  found  together  with  splenic 
enlargement  and  pulmonary  congestion. 
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Symptomatology. — The  onset  of  the  movements  is  usually  abrupt, 
preceded  by  pains  in  the  head,  neck,  and  back.  The  movements  are 
quick,  lightning-like,  as  if  produced  by  an  electric  current.  The  spasms 
are  frequent  and  affect  an  arm  or  a  leg  or  the  side  of  the  face,  first  on 
one  side  and  then  involving  the  other.  Epileptoid  seizures  occur,  at 
times  general,  at  others  unilateral.  The  seizures  occur  without  loss 
of  consciousness,  and  are  usually  followed  by  paresis.  Paresis  develops 
in  the  course  of  time,  usually  beginning  in  the  extremities,  which  were 
the  seat  of  the  first  spasms.  The  paresis  becomes  more  or  less  general, 
and  atrophy  and  disturbances  of  electric  reaction  are  present.  The 
disease  runs  an  acute  or  subacute  course.  It  may  terminate  in  a  week, 
or  last  as  long  as  five  months.  Sensation  is  affected  in  the  sense  of 
hyperesthesia.  Slight  touch  is  capable  of  producing  seizures;  the  spasms 
are  painful,  consciousness  is  not  impaired,  fever  is  usually  present. 

The  disease  progressively  becomes  worse,  the  spasms  become  more 
generalized  and  more  intense,  the  epileptic  seizures  become  more  and 
more  frequent,  at  times  a  number  in  one  day.  The  fatal  termination 
is  preceded  by  more  or  less  continuous  epileptic  seizures  and  coma. 
A  fatal  termination  occurs  in  90  per  cent,  of  cases,  the  cause  of  death 
being  often  cardiac  paralysis.  When  recovery  takes  place,  it  seems  to 
be  spontaneous,  and  not  the  result  of  any  special  treatment. 

Treatment. — No  form  of  treatment  has  been  found  to  be  of  much 
avail,  in  the  absence  of  any  known  cause  onh'  symptomatic  treatment 
can  be  instituted,  this  should  consist  of  free  purgation  with  calomel 
and  salts.  The  salicylates  and  sodium  benzoate  in  large  doses  would 
be  indicated  to  overcome  any  infectious  agent.  For  relief,  chloral  and 
bromides  should  be  given. 

Henoch's  and  Bergeron's  Electric  Chorea. — Henoch's  electric  chorea 
usually  affects  young  children.  The  spasms  are  quick  and  violent  as 
if  produced  by  an  electric  shock.  They  occur  at  intervals  of  from 
three  to  five  minutes,  and  usually  affect  the  muscles  of  the  neck  and 
shoulders.  Most  writers  are  agreed,  that  this  disease,  which  bears  no 
resemblance  at  all  to  acute  chorea,  should  be  classed  among  the 
myoclonias. 

Bergeron's  electric  chorea  affects  older  children,  usually  up  to  the 
age  of  thirteen  or  fourteen  years.  It  is  characterized  by  the  sudden- 
ness of  its  onset,  and  the  rapidity  with  which  it  attains  its  maximum. 
It  occurs  usually  in  anemic  and  irritably  nervous  children,  and  the 
attack  seems  to  bear  a  relation  to  gastric  disturbances.  The  spasmodic 
contractions  resemble  contractions  of  groups  of  muscles  produced  by 
strong  electric  currents.  They  are  sharp,  strong,  and  brief.  The  head 
may  be  thrown  from  one  side  to  the  other,  the  shoulders  suddenly 
elevated,  the  forearms  violently  flexed,  the  arm  abducted.  The  spasms 
may  remain  localized  to  one  part  of  the  body,  but  they  are  usually 
generalized.  They  cease  during  sleep.  Voluntary  efforts  at  control 
not  only  fail,  but  often  intensify  the  spasms.  Sensation  is  normal. 
The  prognosis  is  good,  and  the  disease  usually  terminates  after  a  few 
days  or  weeks  in  recovery. 
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Treatment.  —  The  prevailing  opinion  of  the  French,  among  whom 
Bergeron's  chorea  is  seen  most  frequently,  is  that  the  disturbance  is 
secondary  to  gastric  disorders.  The  fact  that  relief  is  frequently 
obtained  by  the  use  of  emetics  is  an  evidence  of  the  psychic  origin  of 
the  manifestations.  Emetics  should  always  be  given  and,  if  necessary, 
repeated. 

In  severe  cases  the  patients  should  be  strictly  isolated  and  the 
regimens  of  the  rest  cure  with  cold  spray  baths,  massage,  packs,  and 
active  and  passive  movements,  carried  out.  Arsenic  is  of  undoubted 
value. 

The  Myoclonias:  Paramyoclonus  Multiplex. — Etiology. — The  cause 
of  this  disease  is  unknown.  In  some  cases  there  has  been  the  history  of 
an  infectious  disease,  in  others  fright  or  trauma  has  been  looked  upon 
as  the  cause.  The  French  writers  Raymond,  Brissaud,  and  Meige 
claim  that  myoclonias  develop  on  a  basis  of  neurotic  or  psychopathic 
degeneracy. 

Symptoms. — ^Paramyoclonus  multiplex  is  a  functional  neurosis  char- 
acterized by  clonic  muscular  twitchings  which  occur  rapidly  and  often 
rythmically  at  irregular  intervals.  The  spasms  may  affect  a  part  of 
a  muscle,  a  whole  muscle,  or  a  group  of  muscles.  They  usually  occur 
bilaterally  in  symmetrically  situated  muscles  and  may  affect  the  trunk 
or  the  extremities.  The  muscles  of  the  face  are  affected  slightly  or  not 
at  all.  Muscles,  like  the  supinator  longus,  which  cannot  be  contracted 
alone  by  the  will,  may  be  the  seat  of  these  spasms.  While  all  the  muscles 
of  the  body  may  be  affected,  the  muscles  usually  involved  are  the  biceps, 
supinator  longus,  cucullaris,  quadriceps  femoris,  and  the  semitendinosus. 
The  muscles  of  the  trunk  and  those  immediately^  attached  to  the  trunk 
are  usually  affected,  while  the  muscles  of  the  forearm  and  hand  and 
the  muscles  below  the  knee-joint  usually  escape.  Cases  involving  the 
face  and  the  diaphragm  have  been  reported.  The  neck  muscles  are 
frequently  involved.  In  one  of  the  writer's  cases  the  contractions 
were  limited  to  the  muscles  of  the  abdominal  wall,  in  the  other  to  the 
abdominal,  gluteal,  and  thigh  muscles. 

The  spasms  usually  occur  in  series,  are  usually  severe,  follow  each 
other  quickly,  and  in  great  number.  During  the  interval  the  muscle 
may  be  at  rest,  or  there  may  persist  a  fascicular  twitching  in  small 
bundles  of  the  muscles.  The  muscles  involved  are  usually  bilateral  and 
symmetrical,  but  the  contractions  are  not  necessarily  sj-nchronous, 
even  though  both  muscles  are  affected  at  the  same  time.  While  the 
contractions  are  quick,  sharp,  and  violent  the  shortening  of  the  muscle 
is  rarely  of  such  a  character  as  to  cause  any  movement  in  the  sense 
of  flexion  and  extension.  Often  no  movement  whatever  can  be  detected 
in  the  affected  limb. 

The  spasm  is  clonic  in  the  typical  cases,  and  may  be  repeated  from 
forty  to  one  hundred  and  sixty  times  per  minute,  and  may  continue 
up  to  ten  minutes  or  more  at  a  time,  to  be  followed  by  a  period  of  rest, 
varying  from  a  half-hour  to  a  day  or  more.  The  spasms  may  not  occur 
in  the  symmetrically  situated  muscles  at  the  same  time,  nor  are  all 


CHOREA  ELECTRICA 


219 


the  muscles  affected  simultaneously,  but  first  one,  then  another  may 
be  the  seat  of  the  contractions;  nor  do  the  contractions  occur  at  the 
same  rate  of  speed  in  various  muscles  affected  at  the  same  time.  In 
other  words,  the  contractions  themselves,  occurring  in  various  muscles  at 
the  same  time  are  arrhythmic  and  unsymmetrical.  They  attack  groups 
of  muscles  which  cannot  be  thrown  into  contraction  voluntarily;  the 
movements  show  no  coordination,  and  are  of  a  type  that  cannot  be 
produced  voluntarily. 

The  spasms  usually  occur  spontaneously,  and  are  accentuated  by 
fatigue;  they  cease  during  sleep,  and  are  increased  by  strong  emotions. 
Active  voluntary  movements  have  a  quieting  effect,  as  also  does  any 
occupation  which  absorbs  the  attention  of  the  individual.  Fere  calls 
attention  to  the  fact  that  position  has  a  marked  influence  on  the  occur- 
rence of  the  spasms.  Lying  in  bed  in  a  horizontal  position  increases 
the  duration  and  severity  of  the  attacks.  In  the  sitting  position  the 
trunk  is  not  affected  by  the  spasms  occurring  in  the  neck  and  extremities. 
When  standing  the  legs  usually  enjoy  immunity,  and  walking  reduces 
the  spasms  to  a  minimum,  or  they  cease  entirely. 

Tapping  the  tendons  of  the  affected  muscles  or  even  stroking  the 
skin  over  them  may  bring  on  an  attack. 

These  motor  phenomena  constitute  the  entire  symptomatology. 
The  motor  power  of  the  affected  muscles  is  normal;  there  is  no 
change  in  the  mechanical  or  electrical  excitability;  the  tendon  and 
skin  reflexes  are  usually  exaggerated;  sensation  is  normal. 

Unverricht's  Myoclonus  Epilepsy. — Unverricht  described  a  form  of 
myoclonus  w^hich  is  combined  with  epilepsy,  often  terminating  in 
dementia. 

The  myoclonia  develops  first,  and  in  addition  to  the  involvement 
of  the  usual  muscles,  the  tongue,  pharynx,  and  diaphragm  are  also 
involved.  The  epileptic  seizures,  at  first  infrequent,  gradually  increase 
in  number. 

The  myoclonia  is  also  progressive,  finally  becomes  more  or  less  con- 
stant, and  interferes  with  the  voluntary  movements  more  and  more. 

The  termination  of  this  form  of  myoclonia  in  dementia  has  led 
Lundborg  to  draw  a  parallel  with  dementia  prsecox. 

Prognosis. — The  prognosis  varies  very  much  as  to  what  the  observer 
chooses  to  classify  under  this  head.  Starr  says  that  the  prognosis  is 
good.  The  prognosis  in  the  non-hysterical  forms  is  very  grave  as  to 
duration  and  remains  subject  to  intermissions  as  a  chronic  disease. 
Numerous  cures  have  been  reported  as  a  result  of  the  use  of  electricity, 
but  it  is  held  that  these  were  probably  of  the  hysterical  form. 

Treatment. — It  has  been  observed  in  animal  experiments  after  the 
removal  of  the  thyroid  gland  that  muscular  contractions  similar  to 
myoclonia  develop,  and  for  this  reason  the  use  of  thyroid  extract  has 
been  recommended.  Thyroidin  has  also  been  used.  Careful  treat- 
ment with  these  remedies  can  do  no  harm,  although  the  value  of  the 
treatment  has  not  been  established 

Lundburg  advanced  the  theory  that  the  spasms  are  the  expression 
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of  an  auto-intoxication.  If  any  associated  disease  is  found  causing 
either  the  production  of  toxins  or  defective  elimination  this  should 
have  proper  treatment.  Especial  attention  should  be  paid  to  the 
gastro-intestinal  tract,  and  fermentation  and  decomposition  of  food 
be  overcome  by  proper  diet,  habits  of  exercise,  and  the  drinldng  of 
large  quantities  of  water  before  meals,  colon  lavage,  and  the  adminis- 
tration of  intestinal  antiseptics  and  occasional  cathartics.  The  admin- 
istration of  arsenic,  preferably  in  the  form  of  intramuscular  injections 
of  cacodylate  of  sodium,  will  answer  a  twofold  purpose,  viz.,  general 
tonic  effect  of  the  arsenic,  plus  its  action  on  the  colon  as  an  antiseptic 
agent.  The  cacodylate  of  sodium  is  administered  by  deep  injection 
in  the  gluteal  muscles  in  doses  of  0.05  to  0.1  gram  (1  to  2  grains)  daily 
for  six  days,  then  every  second  day  until  twenty-four  doses  have  been 
given. 

As  sedative  agents  the  valerianates  can  be  administered  during  the 
day,  chloral  and  the  bromides,  preferably  in  the  form  of  bromide  of 
strontium,  at  bedtime;  the  former  in  20  to  30  grain  doses,  the  latter 
in  40  to  60  grains,  varying  with  the  severity  of  the  attack. 

Galvanism  of  the  brain  and  spinal  cord  has  been  much  lauded,  and 
brilliant  cures  recorded.  When  used  it  should  always  be  administered 
through  a  rheostat.  The  spinal  electrodes  should  be  placed  over  the 
nape  of  the  neck  and  lumbar  region  for  ten  minutes. 

Galvanism  of  the  brain  should  be  short  in  duration,  not  over  one  or 
two  minutes,  with  one  electrode  over  the  frontal  region  and  the  other 
on  the  neck:  the  current  should  be  weak,  gradually  introduced,  and 
gradually  withdrawn. 

If  there  is  an  hysterical  basis  for  the  manifestations,  psychotherapy 
will  be  indicated. 

MYASTHENIA  GRAVIS  PSEUDOPARALYTICA 

This  is  a  general  disease,  affecting  more  conspicuously  the  muscles 
supplied  by  the  cranial  nerves,  but  involving  all  the  muscles,  even  the 
unstriped,  and  therefore  the  term  (suggested  by  Jolly)  myasthenia 
gravis  pseudoparal>i;ica  is  perhaps  the  best  name. 

Etiology. — The  opinion  prevails  that  the  presence  of  some  toxin  in 
the  body  is  the  exciting  cause  of  this  disease,  acting  upon  muscle  tissue 
congenitally  defective.  That  this  toxin  must  in  the  majority  of  cases 
be  of  endogenous  origin  is  clear  from  the  etiological  fact  that  in  most 
cases  there  is  no  history  of  infection. 

That  we  are  dealing  with  a  combination  of  a  congenitally  defective 
neuromuscular  apparatus,'  acted  upon  by  a  toxin  developed  in  the 
body,  seems  probable.  Whether,  however,  this  toxin  is  due  to  a  defect 
of  the  biochemical  mechanism  of  the  body  caused  by  the  function  of 
a  persistent  or  diseased  thymus,  or  other  lymphatic  tissue,  remains 
to  be  proved.  Neuser,  in  his  recent  exhaustive  monograph  on  the 
status  thymico-lymphaticus,  makes  no  mention  of  myasthenia  as  one 
of  the  clinical  manifestations  of  this  condition. 
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The  researches  of  Pemberton  on  biochemical  changes  in  myasthenia 
show  an  abnormal  excretion  of  calcium  salts  and  a  deficiency  of  excretion 
of  creatinin.  He  looks  upon  the  disease  as  due  to  a  defective  metabolism 
of  the  muscle  tissue  and  advises  the  use  of  the  calcium  salts  in  the 
treatment  of  the  disease.  All  of  the  researches  so  far  indicate  that  the 
pathological  substratum  of  the  affection  is  a  disease  of  the  muscular 
system  of  the  body. 

Symptomatology. — The  essential  manifestation  of  the  disease  is  the 
rapidity  with  which  the  muscles  exhaust  when  used.  On  arising 
in  the  morning,  at  least  in  the  beginning  of  the  illness,  the  patients 
are  apparently  normal;  toward  evening  many  if  not  all  the  muscles 
of  the  body  are  in  a  state  of  paresis.  In  the  advanced  cases,  after  a 
few  voluntary  muscular  contractions,  the  power  evolved  decreases 
rapidly  until  in  a  short  time  the  muscle  is  entirely  exhausted.  After 
a  short  period  of  rest  the  muscular  power  returns  again.  The  earliest 
manifestations  are  on  the  part  of  the  muscles  supplied  by  the  cranial 
nerves  and  the  cases  resemble  the  symptom-complex  of  progressive 
labio-glosso-pharyngeal  paralysis. 

Bulbar  Symptoms  — The  first  symptoms  are  usually  on  the  part  of  the 
external  muscles  of  the  eyes.  On  arising  in  the  morning  the  lids  are 
in  a  normal  position,  as  the  day  advances  the  lids  gradually  droop  until 
at  night  the  ptosis  is  well  marked  or  even  complete.  After  a  night's  rest 
the  ptosis  again  disappears,  but  later  on  in  the  disease  ptosis  is  also 
present  on  arising.  Goldflam  called  attention  to  the  fact  that  the 
external  eye  muscles  are  also  involved  in  some  cases.  This  shows 
itself  in  the  form  of  diplopia,  and  during  the  examination  the  muscles 
fatigue  and  the  images  become  separated  farther  and  farther  as  the 
muscles  become  more  and  more  exhausted.  The  images  also  show 
variation  in  position  as  the  muscles  become  fatigued  in  turn.  An 
irregular  jerky  movement  of  the  eyeballs  is  seen  as  the  eyes  are  moved 
frequently  from  side  to  side.  The  ptosis  is  at  first  compensated  for  by 
action  of  the  frontalis  muscles,  and  when  these  become  fatigued  the 
head  is  thrown  backward.  The  involvement  of  the  facial  muscles 
gradually  gives  rise  to  a  loss  of  expression,  the  lip  muscles  quickly  show 
fatigue  when  used  in  speech,  so  also  the  tongue  and  pharynx  muscles. 
Mastication  and  swallowing  are  attended  with  marked  subjective 
symptoms  of  fatigue,  and  eating  becomes  difficult  and  finally  almost 
impossible  on  account  of  the  rapidity  with  which  the  muscles  become 
exhausted.  Speech  becomes  difficult  and  is  attended  with  great 
exhaustion.  In  a  few  words  we  have  ptosis  of  both  eyelids,  diplopia, 
dysarthria,  dysphagia,  paresis  of  the  lip  muscles,  and  weakness  of 
mastication.  Frequently  the  onset  is  characterized  by  a  weakness 
of  one  or  even  of  all  the  external  muscles  of  the  eye  in  the  form  of 
an  ophthalmoplegia.  The  reflex  action  of  the  pupils  is  usually  found  to 
be  normal. 

These  symptoms  are  all  less  manifest  in  the  morning  than  in  the 
evening,  and  may  only  be  slight  in  the  beginning  of  speech  or  at  the 
onset  of  a  meal  and  gradually  progress  until  the  speech  becomes  more 
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and  more  indistinct  and  mumbling,  and  mastication  and  swallowing 
become  so  difficult  that  tube-feeding  must  be  resorted  to. 

The  neck  muscles  become  affected,  and  the  head  gradually  sinks 
foward  as  the  fatigue  becomes  more  marked.  The  trunk  muscles  are 
involved.  Dyspnea  is  a  common  symptom.  In  addition  to  the  exhaus- 
tion, sudden  attacks  of  severe  dyspnea,  with  tachycardia  and  elevation 
of  temperature,  occur  at  times  during  the  course  of  the  disease.  In 
one  case  at  least,  Strumpel  was  able  to  relieve  this  condition  by  pulling 
the  tongue  forward,  and  attributed  the  attacks  to  paralysis  of  this 
organ.  The  muscles  of  the  extremities  show  the  same  involvement, 
the  use  of  the  arms  becomes  progressively  more  difficult;  walking  is 
attended  with  great  fatigue  and  the  patient  finally  becomes  bedfast, 
although  all  movements  can  be  executed  in  a  recumbent  position. 
In  a  word,  the  cardinal  symptom  of  the  disease  is  the  rapidity  of  the 
onset  of  exhaustion  after  slight  physiological  use  of  the  muscles.  This 
condition  is  subject  to  remissions,  disappearing  quickly  after  rest, 
reappearing  quickly  on  use,  but  in  the  progressive  cases  the  paresis 
becomes  to  a  greater  or  less  degree  permanent. 

The  second  characteristic  of  the  disease  is  that  the  signs  of  degenera- 
tive atrophy  of  the  muscles  are  wanting,  even  to  the  end,  in  fatal  cases. 
The  muscles  affected  do  not  become  atrophied,  there  is  no  fibrillary 
twitching,  and  no  reactions  of  degeneration. 

There  are  no  sensory  disturbances  and  no  involvement  of  the 
rectum  and  bladder.    There  are  no  trophic  changes. 

Course,  Duration,  and  Prognosis. — When  the  first  articles  were 
published,  the  disease  was  looked  upon  as  progressive,  with  remissions 
and  exacerbations,  with  an  inevitably  fatal  termination.  This  view 
has  changed.  Its  onset  is  gradual  and  chronically  progressive,  with 
acute  or  subacute  exacerbations,  followed  by  remissions,  and  may  con- 
tinue for  as  long  as  twenty  years.  The  average  duration  in  the  fatal 
cases  is  from  one  and  one-half  to  two  years.  Complete  recoveries  have 
been  reported;  whether  these  were  not  merely  remissions  of  long  dura- 
tion cannot  be  determined.  The  prognosis  however,  is  unfavorable, 
and  nearly  half  of  the  reported  cases  were  those  which  ended  fatally. 
Death  occurs  as  a  result  of  exhaustion  or  of  septic  pneumonia.  At 
times  sudden  attacks  of  dyspnea  terminate  fatally.  The  condition  is 
capable  of  much  improvement;  even  the  most  pronounced  conditions 
of  muscular  weakness  can  disappear,  and  the  patient  present  an 
appearance  of  perfect  recovery,  and  then  the  paresis  can  suddenly 
and  acutely  reappear  and  quickly  lead  to  a  fatal  termination.  The 
remissions  may  last  for  nine  years  (Oppenheim),  and  Goldflam  first 
called  attention  to  the  possibility  of  a  cure. 

Treatment. — If  we  hold  the  theory  that  the  disease  is  the  result  of 
a  combination  of  a  congenital  malformation  of  the  muscle  structure, 
plus  the  action  of  a  toxin,  which  produces  a  degenerative  atrophic 
myositis,  it  is  clear  that  the  only  hope  of  therapy  lies  in  our  ability  to 
find  the  source  of  origin  of  the  toxin.  If,  again,  we  hold  the  thymus  or 
defective  lymphatic  system  theory  of  the  origin  of  the  lymphorrhagic 
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infiltration  of  the  muscles  as  the  cause  of  myasthenic  gravis,  we  are 
confronted  with  an  equall}-  difficult  problem  in  therapy.  The  indications 
for  treatment  with  the  toxic  theory  in  view  is  oflFered  by  those  cases 
which  are  combined  with  Basedow's  disease  and  myxedema  and  has 
led  Palmer  to  suggest  the  trial  of  thyreoidin  and  ovarian  extract. 

The  treatment  of  the  cases  with  thymus  extract  does  not  seem 
logical  if  we  hold  the  theory  that  the  persistence  of  the  thymus  gland 
and  its  secretions  unbalances  the  effect  of  internal  secretion  on 
metabolism.  The  use  of  the  a:-ray  for  the  purpose  of  destroying  if 
possible  any  remnants  of  the  thymus  seems  more  logical  and  worthy 
of  a  trial.  On  account  of  the  frequency  with  which  disease  of  a 
persistent  thymus  has  been  found,  careful  use  of  the  a:-ray  over  the 
sternum  should  have  a  trial  in  all  cases. 

Chvostek's  contention  based  upon  certain  resemblances  to  tetany, 
and  of  the  opposite  conditions  of  the  state  of  muscle  irritability,  that 
myasthenia  gravis  is  a  symptom-complex  caused  by  hyperfunction 
of  the  parathyroids,  does  not  give  any  therapeutic  indication.  The 
use  of  anesthetics  is  not  contraindicated  in  these  cases  if  the  theory 
is  correct,  that  the  disease  is  of  muscular  origin,  and  therefore,  surgical 
treatment  of  the  parathyroids  either  in  the  form  of  ligation  of  the 
branches  of  the  artery  going  to  the  upper  pair  of  parathyroids,  or  the 
removal  of  the  latter  could  be  attempted,  although  no  cases  have  as 
vet  been  operated  on  with  this  theory  as  a  basis. 

There  is  no  reason  why  tumors,  even  of  the  mediastinum,  which 
mav  be  the  source  of  the  toxin,  should  not  be  removed. 

Electric  stimulation  of  the  muscles  is  contraindicated;  the  muscles 
vfiW  only  be  more  exhausted,  the  clinical  indication  being  phj^siological 
rest. 

The  chief  indication  for  treatment  afforded  by  a  study  of  the  nature 
of  the  disease  is  rest  for  the  muscles.  The  patient  is  to  be  put  to  bed, 
all  muscular  activity,  even  speaking,  is  to  be  prohibited,  and  exercise 
is  to  be  replaced  by  gentle  massage  and  passive  stroking  of  the 
muscles,  and  by  passive  movements. 

The  next  indication  is  feeding.  If  the  exhaustion  of  the  masseter 
muscles  is  so  great  as  to  prevent  mastication,  the  food  should  all  be 
chopped  fine,  and  given  in  a  semisolid  or  liquid  form,  and  great  care 
should  be  taken  to  swallow  slowly.  As  in  true  bulbar  palsy  the  starchy 
foods  are  not  well  digested,  because  of  insufficient  mastication  and 
mixture  with  saliva.  The  patient  should  keep  starches  in  the  mouth  as 
long  as  possible,  mix  them  with  saliva,  and  thus  prevent  fermentation. 
Oppenheim  warns  against  the  use  of  the  stomach-tube  on  account  of 
the  danger  of  sudden  death  during  the  struggle  attending  the  intro- 
duction of  the  tube.  Rectal  feeding  is  necessary  only  when  the  patient 
cannot  swallow. 

In  the  advanced  cases  there  should  be  periods  of  rest  for  the  muscles 
of  mastication  and  swallowing,  during  which  these  muscles  are  to  be 
allowed  to  recuperate.  Basing  his  experiments  on  the  theory  that  the 
exciting  cause  of  the  symptoms  of  myasthenia  is  a  toxin  of  exhaustion, 
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Weichard  suggested  the  use  of  an  antitoxin.  Oppenheim,  who  has  made 
use  of  this  antitoxin,  reports  that  he  was  unable  to  obtain  any  satis- 
factory results.  Kauffman  recommends  the  use  of  spermin  (Poehl), 
1  c.c.  of  a  2  per  cent,  solution,  hypodermically  daily,  or  every  second 
day. 

The  hypophysis  extract  has  also  been  used,  but  since  there  are  no 
reliable  preparations  in  which  the  anterior  and  posterior  lobes  are 
treated  separately  its  use  can  only  be  experimental.  From  the  stand- 
point of  drugs,  the  indication  is  to  keep  up  a  good  digestion,  and 
the  first  indication  is  to  assist  in  the  digestion  of  the  starches.  Any 
one  of  the  diastases  will  be  found  to  be  useful,  preferably  the  taka- 
diastase. 

Citrate  of  sodium  and  sodium  formate  have  been  recommended  as 
palliative  remedies  on  account  of  their  well-known  properties  of  pre- 
venting fatigue  and  of  increasing  the  working  energy  of  muscles.  They 
are  given  in  doses  of  1.0  each  (grams  xv,  t.  i.  d.). 

Tonics  in  the  form  of  iron,  quinine,  and  strychnine  and  arsenic  will 
assist  in  maintaining  the  general  health. 

Sudden  attacks  of  dyspnea  which  threaten  the  life  of  the  patient 
are  to  be  combated  by  prolonged  artificial  respiration,  for  after  a 
period  of  rest  the  respiratory  muscles  may  recover  sufficiently  to 
again  be  able  to  perform  their  functions. 


CHAPTER  VI 


THE  TREATMENT  OF  THE  EPILEPSIES 

By  J.  F.  MUNSON,  M.D. 

INTRODUCTION  AND  GENERAL  CONSIDERATIONS 

Our  present  problem,  the  treatment  of  those  conditions  commonly 
grouped  under  the  name  "epilepsy,"  presents  difficulties  of  solution 
which  may  be  summed  up  as  follows: 

1.  We  are  decidedly  in  the  dark  as  to  the  pathology  and  the  patho- 
logical physiology  of  all  of  these  conditions  and  have  only  recently 
come  to  recognize  the  great  diversity  of  the  conditions  involved. 

2.  Some  of  the  things  which  are  known  about  the  disease  and  its 
treatment  have  been  misunderstood,  and,  hence,  wrongly  used. 

3.  The  characteristic  features  of  the  disease  influence  the  life  of 
the  afflicted  individual  in  every  particular,  and  our  therapeutic  efforts 
cannot  be  confined  to  medication  but  must  also  extend  to  the.  social 
and  economic  relations  of  our  patients. 

Thus,  obscurity,  misunderstanding,  and  the  wide  range  of  problems 
involved,  characterize  this  disease,  which  Spratling  has  aptly  called 
the  "strangest  in  human  history." 

The  following  cases  will  illustrate  the  treatment  generally  given  to 
the  epileptic,  as  far  as  can  be  judged  from  the  stories  told  by  patients 
coming  into  an  institution: 

The  patient  said  that  while  he  has  always  been  well,  he  has  expe- 
rienced within  the  last  few  hours  (or  days)  a  peculiar  attack,  in  which 
he  lost  consciousness.  Those  about  him  tell  him  that  he  cried  out,  as 
if  in  fright,  that  his  eyes  rolled,  and  that  he  fell  heavily  to  the  ground 
and  shook  violently  for  a  minute  or  so,  after  which  he  quieted  and  lay 
in  a  deep  sleep,  breathing  very  deeply  and  noisily;  he  soon  awoke  to 
consciousness,  with  a  headache  and  dazed  feeling,  bruised,  and  shaken, 
and  with  a  sore  tongue;  he  also  found  that  he  had  wet  himself.  The 
patient  is  a  young  man  of  average  appearance,  showing  one  or  two 
recent  injuries,  which  he  says  were  received  in  the  attack.  He  had 
worked  very  hard  the  preceding  day  and  had  eaten  a  hearty  meal 
just  before  the  spell  came  on.  No  one  in  his  family  has  had  any 
similar  trouble. 

A  second  patient  comes  in  with  a  severe  burn  of  the  hand,  which 
lie  says  he  received  while  he  was  "not  himself"  after  an  epileptic 
;ittack.  He  has  consulted  many  physicians  (and  quacks),  and  has  been 
told  by  all  that  he  suffered  from  epilepsy;  the  physicians  mostly  told 
liim  that  the  disease  was  hopeless — the  quacks  all  promised  speedy 
VOL.  n— 15  (225) 
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cure  through  their  treatment;  he  has  spent  much  money  in  search 
of  a  cure  for  his  condition.  The  medicines  given  him  almost  always 
had  a  salty  taste  and  sometimes  were  "powerful"  enough  to  stop  the 
attacks,  sometimes  lessened  them,  sometimes  had  no  efll'ect  at  all,  but 
almost  always  made  him  dull  and  slow,  so  that  he  rather  preferred 
the  attacks.  He  notices  that  he  cannot  remember  and  think  as  well 
as  he  used  to,  even  when  he  is  not  taking  the  medicine.  He  comes 
both  on  account  of  the  burn  and  for  treatment  for  the  epilepsy. 

The  first  patient  may  be  told  that  he  has  epilepsy,  but  there  is  almost 
an  equal  chance  that  he  will  be  told  that  the  attack  is  due  to  indiges- 
tion and  probably  will  not  occur  again  if  proper  discretion  is  used  in 
working  and  eating.  If  the  patient  were  a  young  child,  the  attack 
would  be  a  "worm  fit"  or  a  "teething  convulsion."  In  almost  any 
event  except  the  diagnosis  of  epilepsy,  there  will  be  practically  no 
treatment  ordered  except  some  advice  about  eating;  in  case  epilepsy 
is  diagnosticated,  a  prescription  for  some  of  the  bromides  will  be  given, 
and  if  it  does  not  prevent  the  recurrence  of  attacks,  the  dose  is  increased 
without  other  change  in  the  treatment.  Exactly  the  same  treatment  will 
be  given  the  chronic  case;  both  patients  get  bromides  and  good  ad\-ice 
and  both  go  away  from  the  office  with  renewed  hope — for  hope  is  char- 
acteristic of  the  epileptic;  it  is  nature's  way  of  offering  compensation 
for  the  sufferings  she  permits;  the  epileptic  always  hopes — each  attack 
is  the  last,  each  interval  between  attacks  the  beginning  of  a  cure, 
each  new  prescription  the  panacea  for  his  disease.  Such  seems  to  be 
the  treatment  in  many  cases,  repeated  over  and  over,  until  the  chapter 
of  their  life  is  completed  in  an  almshouse  or  other  public  institution. 

Conversation  with  physicians  in  many  cases  confirms  the  impression 
derived  from  patients  themselves  as  to  treatment  given.  Many  physi- 
cians regard  epilepsy  as  a  perfectly  hopeless  disease,  which  is  on  the 
whole  uninteresting;  bromides,  the  only  remed}^  available,  and  one 
not  likely  to  be  successful.  The  case  of  epilepsy  is  considered  a  bore, 
to  be  gotten  rid  of  as  soon  as  possible,  to  give  time  for  more  hopeful 
and  more  interesting  cases. 

This  deplorable  attitude,  unfortunately  rather  general,  is  not  unjusti- 
fied, because  the  vast  amount  of  effort  which  has  been  expended  in  an 
attempt  to  cure  or  even  ameliorate  the  diseases  has  been  yery  largely 
unsuccessful.  This  is  by  no  means  surprising  when  we  consider  the 
difficulties  of  the  problem,  already  mentioned  in  brief.  But  in  spite 
of  our  ignorance  of  the  diseases,  and  in  spite  of  misunderstandings,  we 
have  methods  of  dealing  with  the  diseases  which  make  it  by  no  means 
hopeless,  which  offer  some  prospect  of  betterment  to  almost  every 
case — rarely  complete  cure;  somewhat  oftener  "arrests"  for  varying 
periods;  almost  always  improvement,  either  by  the  reduction  of  the 
number  of  attacks  or  by  the  lessening  of  their  severity.  No  matter 
what  the  result  may  be  in  the  end,  every  epileptic  deserves  a  trial  of 
these  measures  and  it  is  with  the  y'lew  of  pointing  out  methods  of 
treatment,  proved  correct  by  experience  and  of  urging  their  trial  in 
all  cilses,  that  this  article  is  prepared. 


PLATE  IX 


Fig.  1 


Diffuse  Sclerosis  of  Cortex  with  Atrophy  along  the  Rolandic 
and  Sylvian  Fissures  (Epileptic). 

Fig.  2 


Gross  Anatomical  Lesions  Associated  with  Epilepsy. 

An  asymmetrical  internal  h yd roeeplial us  which  also  showorl  .i  -^in:ill 
tumor  at  the  lateral  border  of  the  cerebellum. 
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Definition  and  Etiology. — While  the  sphere  of  an  article  on  treat- 
ment is  necessarily  limited,  the  writer  wishes  to  present  certain  concep- 
tions which  he  believes  are  not  generally  and  correctly  understood, 
and  to  this  end  must  include  a  certain  amount  of  material  which  is 
not  strictl}'  treatment,  but  upon  which  the  latter  in  large  measure 
depends. 

The  word  epilepsy  awakes  in  every  mind  a  chain  of  unpleasant 
associations,  more  or  less  distinct,  according  to  whether  the  person 
has  ever  seen  an  epileptic  seizure.  If  he  has,  a  picture  is  called  up  of 
a  human  being  grovelling  in  the  dust  of  the  road,  his  humanity  debased 
to  the  level  of  the  struggling  worm;  it  carries  with  it  the  impression  of 
a  mind  temporarily  blotted  out,  of  a  scarred  and  harassed  body.  In 
other  words,  our  first  and  strongest  idea  of  the  disease  is  centred 
about  the  seizure,  the  major  symptom  of  the  disease. 

It  is  only  natural  that  definitions  of  epilepsy  likewise  make  the 
disease  centre  around  the  paroxysm,  sometimes  with  the  mention 
of  the  tendency  toward  dementia;  the  ordinary  definitions  carefully 
recite  all  the  characteristics  of  the  seizure — the  sudden  onset,  the 
changed  or  lost  consciousness,  the  variable  motor  phenomena,  and 
sometimes  the  etiology  is  touched  upon  in  the  mention  of  heredity  as 
a  prominent  cause.  Such  a  definition  bears  out  the  popular  concep- 
tion of  the  disease,  namely,  that  the  epileptic  is  such  only  at  the  time 
of  his  seizures  and  that  in  the  intervals  he  is  much  like  other  people. 
As  a  corollary  to  this  type  of  definition,  since  all  seizures  are  alike  in 
their  essentials,  there  can  be  but  one  epilepsy. 

This  old  idea  of  epilepsy  as  a  disease  entity  is  fortunately  passing 
awa}^  in  favor  of  the  recognition  of  the  disease  as  a  syndrome,  in  which 
the  seizure  is  the  most  striking  of  several  sj'mptoms — a  symptom 
which  is  common  to  all  forms  of  the  syndrome  because  it  finds  its 
origin  in  the  same  kind  of  cells,  which  have  one  response  to  diverse 
stimuli.  No  one  will  doubt  the  general  similarity  of  the  attacks  of  the 
disease,  or  the  fact  of  their  origin  in  the  central  nervous  system,  so 
that  the  idea  of  the  disease  as  a  unit  is  not  unjustified,  or,  in  other 
words,  the  use  of  the  singular  "epilepsy"  is  not  essentially  incorrect. 
However,  we  must  recall  that  the  nervous  system  may  be  made  to 
react  in  either  of  two  ways — by  changes  within  the  cell,  through  which 
the  liability  of  the  cellular  chemical  mechanism  is  increased,  or  by  the 
action  of  external  forces,  which  temporarily  overcome  the  equilibrium 
of  the  nerve  cell.  From  such  a  conception  of  the  origin  of  the  disease 
it  will  be  seen  that  our  common  manner  of  defining  epilepsy  as  a  dis- 
ease of  the  nervous  system  is  not  always  strictly  correct;  that  we  should 
rather  describe  it  as  a  syndrome  which  may  arise  by  action  ivithin  or 
on  the  cells  of  the  central  nervous  system,  and  that  the  similarity  of 
reaction  (symptomatology)  in  the  two  groups  is  due  to  the  excitation 
of  the  same  mechanism — or,  as  it  may  be  expressed,  the  syndrome 
always  arises  by  a  reaction  manifested  through  the  nerve  cells  but 
is  not  always  of  them. 

We  have  thus  at  once  two  varieties  of  epilepsy,  difl'ering  in  the 
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intrinsic  or  the  extrinsic  character  of  the  source  of  the  nerve-cell  activity; 
these  correspond  to  the  groups  commonly  called  idiopathic  or  genuine 
(intracellular)  and  symptomatic  (extrinsic  causes)  epilepsies.  It  is  to 
be  recalled  that  clinically  the  group  of  idiopathic  or  genuine  epilepsies 
is  not  a  clear-cut  group,  but  is  rather  a  residual  group,  composed 
of  cases  in  which  we  cannot  recognize  a  sufficient  extrinsic  cause.  A 
fairer  name  for  the  group  would  be  "unclassified"-  -to  term  a  disease 
idiopathic  is  only  to  disguise  our  ignorance.  On  the  other  hand,  in 
the  symptomatic  epilepsies  we  are  dealing  with  cases  in  which  the 
syndrome  of  epilepsy  arises  from  the  action  of  some  one  well-defined 
cause,  and  accordingly  our  symptomatic  group  is  reall}^  an  etiological 
one,  based  on  a  group  of  agencies  which,  when  applied  to  the  central 
nervous  system,  act  on  the  nerve  cells  and  manifest  their  presence 
through  them. 

Such  an  etiological  classification  has  one  great  objection,  in  that 
it  seemingly  specifies  that  any  one  case  must  arise  from  one  definite 
cause,  i.  e.,  that  a  case  catalogued  as  "syphilitic  epilepsy"  is  due  solely 
to  the  action  of  the  Treponema  pallidum  and  its  products.  Our  problem 
would  be  far  simpler  were  this  always  so;  there  are  undoubtedly'  such 
cases,  but  it  is  also  true  that  there  are  many  cases  in  which  there  is 
apparently  a  definite  etiology,  but  which  do  not  improve  upon  removal 
or  treatment  of  the  apparent  cause.  In  some  cases,  especially  those 
of  longer  duration,  this  failure  to  obtain  improvement  after  treatment 
directed  to  the  apparent  etiological  quantity  may  be  due  to  the  presence 
of  chronic  changes  as  the  result  of  the  disease — the  changes  themselves 
perpetuating  the  disease.  On  the  other  hand  it  seems  more  probable 
that  the  therapeutic  failure  is  due  in  such  cases  to  the  fact  that  the 
syndrome  is  not  the  result  of  one  definite  factor,  but  rather  to  the  sum 
of  the  activity  of  other  causes,  besides  the  apparent  cause,  i.  e.,  chief 
and  contributing  causes.  This  conception  of  the  complex  etiology  of 
the  epileptic  syndromes  is  well  expressed  in  the  following  form: 

(a-4-b  +  c+  ....  +m  +  n  +  p-H  +x  +  y  +  z)  the  brain  =  the  syndrome. 

This  mode  of  expression,  while  mathematical  in  form,  is  not  intended 
as  a  literal  equation  to  epilepsy;  it  is  to  be  interpreted  as  meaning 
that  the  sum  of  certain  known  causes  of  epilepsy  (a,  b,  c)  added  to 
certain  variable  quantities  (m,  n,  p)  and  to  certain  unknown  agencies 
(x,  y,  z),  all  acting  together  on  the  brain,  produce  (  =  )  the  syndrome 
we  call  epilepsy. 

Such  an  expression  is  in  a  way  a  definition  of  the  epilepsies  and  has 
the  following  features  of  importance:  It  emphasizes  the  multiplicity 
of  factors  which  may  be  active  in  any  case;  it  shows,  too,  that  since 
the  component  etiological  factors  may  difTer,  there  may  be  an  almost 
infinite  number  of  etiological  complexes  at  the  basis  of  epilepsy- 
syndromes,  and  hence  points  out  that  to  some  degree  each  pniirni  with 
epilepsj/  is  peculiar  to  himself  and  is  both  similar  and  dillerent  from 
all  others;  at  the  same  time,  by  demonstrating  the  plural  nature  of 
the  conditions  underlying  the  syndrome  it  indicates  a  comprehensive 


PLATE  X 


Gross  Anatomical  Lesions  Associated  with  Epilepsy. 

Asymmetry  of  the  cerebral  hem  ispheres  and  slight  dilatation  of  the  lateral 
•^■ntri'  k.      Both  of  these  conditions  are  very  common  in  autopsy  materinl. 
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Fig.  1 


Gross  Anatomical  Lesions  Associated  with  Epilepsy. 

Micreneephalon,  with  marked  meningeal  thickenings  and  localized 
regions  of  more  extreme  atrophy.  Brain  weight,  462  grams.  Patient 
aged  seven  years. 


Fig.  2 


Gross  Anatomical  Lesions  Associated  with  Epilepsy. 

Micreneephalon,  with  marked  meningeril  th  icl<en  1  nj^js  and  localized 
regions  oT  more  extreme  atrophy. 


INTRODUCTION  AND  GENERAL  CONSIDERATIONS  229 


mode  of  treatment,  and  explains  why  treatment  along  narrow  con- 
ventional lines  is  so  often  unsuccessful.  The  tre.'itment  of  07ie  cause  is 
not  sufficient,  since  the  variable  or  unknown  etiological  quantities  may 
change  to  make  the  equation  still  equal  to  the  syndrome  of  epilepsy. 

The  writer  hopes  that  the  conception  of  epilepsy  as  a  syndrome 
(=  symptom  complex)  of  diverse  origin  has  been  made  clear.  The 
conception  of  epilepsy  as  one  disease  nullifies  our  efforts  toward  its 
elucidation  and  treatment  by  narrowing  our  conception  of  the  pathology 
to  nerve-cell  changes  and  by  laying  insufficient  stress  on  the  causes 
which  lead  to  their  activity.  The  old  idea  of  the  disease  attempts  to 
unite  diverse  conditions  on  the  basis  of  a  common  symptom — the 
newer  while  broadening  the  field  for  etiological  study  at  the  same 
time  simplifies  our  task  by  dividing  it  into  smaller  fields  of  endeavor. 
It  may  be  well,  perhaps,  to  embody  these  views  in  a  formal  defini- 
tion: 

The  epilepsies  are  a  group  of  similar  syndromes  arising  by  action 
of  the  cells  of  the  central  nervous  system  through  stimulation  by 
various  agents  which  may  be  either  intrinsic  to  the  nerve  cells  or 
extrinsic  or  from  a  summation  of  causes  in  both  groups,  character- 
ized bv  seizures  in  which  consciousness  is  altered  or  lost,  with  or 
without  motor  phenomena;  characterized  by  mental  changes  and  by 
certain  traits  of  mind  and  character  which  exist  independent  of  the 
seizure. 

Classification. — Classifications  are  convenient  scaffoldings  on  which 
to  build  up  our  knowledge  of  a  disease  process.  But,  unfortunately,  in 
the  epilepsies  our  efforts  in  this  direction  are  far  in  the  rear  of  those 
in  the  neighboring  fields  of  psychiatry  and  feeble-mindedmess;  in  both 
of  these  attempts  at  classification  have  led  to  a  better  understand- 
ing of  the  conditions  studied.  The  old  classification  of  the  epilepsies, 
grand  mal,  petit  mal,  Jacksonian,  and  psychic,  is  of  descriptive  value 
alone,  as  it  refers  only  to  the  type  of  seizure;  to  be  complete,  it  should 
include  another  group  made  up  of  abortive,  incomplete,  and  atypical 
attacks.  The  incomplete  seizures  is  often  misunderstood  and  often 
overlooked;  partial  grand  mal  attacks  are  often  called  petit  mal  and 
auras,  which  are  certainly  a  definite  component  of  seizures,  and  pass 
unnoted.^ 

Turner,^  of  London,  offers  a  classification  in  which  the  date  of  onset 
and  the  etiological  factors  are  both  considered : 

'  That  there  is  a  definite  change  associated  with  the  aura  in  some  cases  is  well 
shown  in  the  case  of  J.  C,  No.  3214,  on  whom  the  writer  was  one  day  taking  a  blood- 
pressure  reading.  The  mercury  was  at  the  top  of  the  scale  (300  mm.)  and  there 
was  still  pulsation  at  the  wrist.  Suddenly  the  patient  remarked  that  he  was  going 
to  have  a  seizure  and  asked  for  medicine.  He  showed  no  apparent  sign  of  an 
impending  attack,  so  the  taking  of  readings  was  continued;  finally  a  reading 
was  obtained  at  285  mm.  and  a  short  time  afterward  245  mm.  was  twice  obtained 
at  short  intervals;  about  this  time  he  said  that  he  was  all  right.  This  patient's 
blood  pressure  averages  about  230  mm.,  and  in  this  particular  instance  a  subjective 
aura  was  associated  with  a  high  blood  pressure,  which  returned  to  (his)  normal 
after  the  aura  pa.ssed. 

^  Epilepsia,  vol.  ii,  p.  101. 
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Organic  Epilepsies. — Focal  brain  disease  and  tiauma. 

Early  Epilepsy. — Often  marked  by  striking  mental  deterioration; 
includes  some  eases  of  infantile  cerebral  palsy,  birth  traumas, 
encephalitis,  and  hemorrhage. 

Late  Epilepsy. — May  be  due  to  cardio-renal- vascular  disease; 
intoxications,  among  which  alcohol  is  important  (and  syphilis  and 
other  infections  can  be  best  here  included,  except  the  focal  manifesta- 
tions of  syphilis  and  tubercle);  epilepsy  associated  with  a  psychosis; 
eclamptic  conditions,  developing  into  epilepsy. 

Idiopathic  Epilepsy. — Comprising  the  residue  of  all  cases  and  having 
no  ascertainable  cause. 

The  Ligue  Internationale  contra  I'Epilepsie  offers  the  following 
terminology,  which  amounts  to  a  classification :  Varieties  cf  epilepsy : 
Idiopathic,  metabolic,  late  degenerative,  traumatic,  epilepsy  related  to 
syphilis,  epilepsy  arising  from  other,  especially  exogenous,  causes. 

It  is  evident  from  these  diverse  classifications  that  no  grouping 
of  the  cases  meets  the  requirements  of  all  purposes.  It  is  far  more 
accurate  today  to  speak  only  of 

Symptomatic  Epilepsies,  with  a  qualifying  adjective  indicating  the 
most  apparent  etiological  factor,  and 

Unclassified,  a  group  corresponding  to  the  old  idiopathic,  but  being 
a  frank  acknowledgment  of  ignorance. 

While  the  various  syndromes  commonly  called  epilepsy  differ  from 
each  other  in  etiology,  their  results  are  in  many  ways  similar  and 
admit  of  similar  treatment  and  management;  certain  phases  of  the 
disease  are  common  to  almost  all  varieties  of  the  syndrome  and  can 
be  best  discussed  as  considerations  applicable  to  all  epilepsies. 

Prognosis. — The  duration  of  the  disease  has  almost  always  a  direct 
influence  on  the  result  of  treatment,  and  the  longer  the  disease  has 
existed  the  less  the  chance  of  cure  or  material  improvement.  The 
importance  of  the  time  element  in  the  treatment  of  epilepsy  is  well 
illustrated  in  th6  following  summary  by  Dr.  Flood,  of  the  Massa- 
chusetts Hospital  for  Epileptics:^ 

Of  all  convulsive  conditions,  50  per  cent,  are  curable. 

Of  established  epilepsies  in  young  individuals,  20  per  cent  are  curable. 

Of  old  established  cases,  5  per  cent,  recover. 

Of  cases  with  mental  deterioration,  1  per  cent,  recover. 

The  importance  of  early  treatment  is  here  emphasized,  and  whether, 
as  some  claim,  an  epileptic  habit  is  formed  or  whether  chronic  structural 
changes  are  produced  in  the  brains  of  epileptics — changes  which  are 
themselves  capable  of  continuing  the  disease — it  can  be  seen  that  treat- 
ment must  be  begun  before  either  of  these  processes  are  established 
if  favorable  results  are  to  be  produced.  It  is  the  general  practitioner 
and  family  physician  who  first  sees  the  cases,  whose  opportunity  is 
greater  than  anyone  else  can  possibly  have,  since  he  sees  them  at  their 
onset,  when  no  habit  or  chronic  changes  have  been  caused,  and  when 
favorable  influences  have  their  maximum  influence. 

*  Boston  Medical  and  Surgical  Journal,  vol.  clis,  p.  823. 


PLATE  XII 


Gross  Anatomical  Lesions  Associated  with  Epilepsy. 

The  brain  of  an  epileptic  of  fairly  advanced  years,  with  general  thick- 
ening and  clouding  of  the  arachnoid  pia  and  well-marked  Pacchionian 
granulations.     Note  the  broad  veins. 
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Symptoms. — It  must  be  noted,  however,  that  the  apparent  onset 
of  the  disease  is  not  always  the  real  one;  patients  often  recall  on 
questioning  that  they  have  noticed  incidents  which  are  significant,  in 
the  light  of  the  later  developing  seizures:  Vertigos  and  headaches;  a 
sore  tongue  in  the  morning,  with  great  weariness;  nightmares,  etc., 
all  of  which  may  have  been  mild  manifestations  of  epilepsy.  The 
presence  of  such  occurrences  must  be  cautiously  sought  for  in  order 
that  the  duration  of  the  disease  and  the  prognosis  may  not  be  wrongly 
determined. 

As  indicated  in  Dr.  Flood's  table  above  quoted  the  mental  status 
of  the  epileptic  is  an  important  factor  in  the  prognosis  of  his  disease. 
It  is  a  common  dictum  among  institutional  people  that  there  are 
practically  no  epileptics  without  some  mental  change.  Progressive 
dementia  is  the  most  striking  of  these,  and  is  the  only  one  of  the  inter- 
paroxysmal  phenomena  which  has  received  universal  attention;  it  must 
be  admitted,  however,  that  there  are  epileptics  who  apparently  do  not 
deteriorate,  but  even  for  these  the  dictum  will  be  found  to  hold,  and  a 
careful  examination  of  them  will  reveal  some  mental  abnormalities. 

iVpparent  dementia  must  not  be  accepted  at  its  apparent  degree; 
in  any  case  showing  dementia  there  may  be,  beside  the  true  dementia, 
from  which  recovery  is  impossible,  the  mental  dulness  and  retardation 
of  bromism,  which  frequently  simulates  or  exaggerates  a  dementia. 
This  bromine  dementia  gives  surprising  results  under  appropriate 
treatment — mainly  elimination  of  the  bromides — and  patients  who 
come  for  treatment  saturated  with  the  bromides,  and  consequently 
almost  stuporous,  gain  wonderfully  in  mental  (and  physical)  vigor. 
Dements  also  show  a  somewhat  similar  gain,  though  never  to  the  same 
degree;  the  change  of  environment  brought  about  by  entering  an 
institution  awakes  dormant  faculties,  which  are,  however,  again  sub- 
merged. The  recovery  from  bromine  dementia  is  permanent  so  long 
as  the  bromides  are  properly  regulated. 

Aside  from  either  of  these  processes  we  find  that  epilepsy  is  very 
frequently  associated  with  or  engrafted  on  some  degree  of  feeble- 
mindedness. Children  who  are  feeble-minded  may  also  be  epileptic, 
and  likewise  when  the  mental  defect  is  due  to  an  arrest  of  develop- 
ment following  an  injury  or  inflammation  the  occurrence  of  epilepsy 
at  once  or  later  in  life  is  not  improbable.  The  diagnosis  of  the  mental 
status,  if  it  is  to  have  value  from  a  prognostic  standpoint,  must 
differentiate  primary  or  acquired  feeble-mindedness  from  that  which 
is  the  result  of  epileptic  dementia.  Even  children  may  dement,  and  it 
is  only  by  careful  consideration  of  the  facts  in  the  case  that  we  can 
arrive  at  a  conclusion;  A  few  points  of  importance  may  be  mentioned: 

Has  the  patient  always  been  of  the  present  mental  grade? 

If  at  one  time  described  as  bright,  average,  or  normal,  what  was 
the  nature  of  the  change?    Was  it  sudden  or  slow? 

Was  the  onset  of  the  epilepsy  associated  at  all  with  the  change? 
Was  there  any  infectious  disease  or  accident  at  about  the  time  of  the 
change  in  the  mental  status? 
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What  progress  was  made  in  school?  how  far  did  the  patient  go  and 
why  did  he  stop?    Was  learning  easy  or  difficult? 

If  in  business  or  at  work,  what  degree  of  success  was  attained  or 
why  did  he  fail? 

What  is  the  mental  character  of  the  relatives' 

Lastly,  there  is  a  series  of  very  simple  tests  known  as  the  Binet 
tests  for  mental  age;  these  tests  attempt  to  grade  an  individual  by 
years  of  mental  development,  by  comparing  his  ability  to  accomplish 
graded  tasks  with  the  capacity  of  normal  children  to  do  the  same. 
The  defect  shown  is  often  astonishing,  and  reveals  to  us  the  probable 
hopelessness  of  the  case.  The  tests  are  not  difficult  to  carry  through, 
and  require  almost  no  apparatus  beyond  what  can  be  improvised.  As 
in  all  such  work  the  personal  equation  of  the  examiner  must  be 
reduced  to  as  small  a  factor  as  possible.  (See  Chapter  on  Feeble- 
mindedness, Vol.  I.) 

Many  of  the  problems  of  the  epileptic  are  affected  by  his  mental 
status,  are  in  fact  practically  the  same  problems  encountered  in  deal- 
ing with  the  feeble-minded,  so  that  a  proper  estimate  of  the  mental 
status  of  our  epileptics  will  have  important  bearing  on  the  treatment 
we  can  give  them. 

In  addition  to  the  dementia  and  feeble-mindedness  present  in 
epileptics  there  are  mental  characteristics  which  are  more  or  less 
peculiar  to  him.  Aschaffenburg^  lays  special  stress  on  the  variations 
of  the  psychical  condition  (mood)  which  may  occur  independent  of 
attacks.  Grasset^  characterizes  them  rather  harshlv,  but  nevertheless 
with  much  truth,  and  indirectly  points  out  the  variability  of  the 
psychic  condition  of  the  epileptic: 

"On  the  one  hand  they  are  somber,  taciturn,  defiant,  suspicious, 
always  ready  to  fly  into  a  passion,  to  hurt  people,  to  become  enraged, 
and  to  strike ;  on  the  other  hand  they  are  contrary,  obsequious,  obliging, 
wheedlesome,  full  of  effusion  and  gentleness.  In  reality,  epileptics 
are  all  or  nearly  all  irritable,  subject  to  attacks  of  sudden,  violent, 
and  ferocious  transports  of  rage,  during  which  they  do  not,  as  it  were, 
belong  to  themselves.  This  irritability  is  the  key-note  of  their  character. 
Many  have,  in  addition,  vices  and  perverse  instincts;  many  are  greedy, 
violent.  .  .  .  They  frequently  have  a  tendency  to  a  sickly  piety 
or  a  sort  of  excessive  religiousness,  mixed  with  hypocrisy." 

Jones'  of  Toronto,  in  considering  the  mental  characters  of  the  chronic 
epileptic,  lays  stress  on  the  dementia  and  describes  it  as  a  concentric 
narrowing  of  the  field  of  interest,  so  that  the  patient  becomes  more 
and  more  confined  mentally  to  matters  in  his  own  environment.  This 
shows  in  the  loss  of  memory,  in  which  the  recollection  of  personal 
matters  is  longest  retained,  while  matter  of  general  interest,  such  as 
history  or  school-learning  in  general,  is  first  forgotten.  The  association 
reactions  of  epileptics  are  similar  to  those  of  imbeciles  (naturally  this 

'  Abstract  from  Journal  of  Mental  Science,  vol.  lii,  p.  789. 

^  Semi-insane  and  Semi-responsible,  translated  by  JellifTe,  p.  171. 

'  Transactions  of  National  Association  for  Study  of  Epilepsy,  vol.  vii,  p.  23. 
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would  be  true,  since  most  epileptics  are  more  or  less  defective),  but 
differ  from  them  in  the  greater  complexity  of  mental  processes  shown. 
Jones  places  a  very  high  estimate  on  the  role  played  by  sexual  matters 
in  the  life  of  the  epileptic,  and  traces  many  of  the  activities  and  charac- 
teristics to  this  foundation;  with  this  we  shall  not  concern  ourselves, 
except  to  note  that  the  epileptic  is  apt  to  be  decidedly  erotic,  and 
that  this  must  be  borne  in  mind  in  considering  measures  for  the  pre- 
vention of  the  increase  of  the  disease  through  diseased  progeny.  The 
egocentric  make-up  of  the  epileptic  is  well  illustrated  in  the  extreme 
attention  which  he  pays  to  the  state  of  his  health  and  to  his  minor 
bodily  functions;  some  epileptics  are  always  ailing,  always  having 
some  symptom  to  report,  of  which  the  commonest  is  constipation — a 
complaint  which,  however,  is  usually  a  valid  one  in  epileptics.  A  dose 
of  medicine  will  make  some  epileptics  extremely  happy. 

The  epileptic  is  full  of  contradictions  and  contrasts.  Aschaffenburg 
calls  this  a  periodic  variation  of  psychic  condition.  Grasset  speaks 
of  it  as  irritability.  It  appears  to  the  writer  that  we  might  also  charac- 
terize the  mental  poise  of  the  epileptic  as  extremely  unstable.  The 
instability,  irritability,  and  variation  of  his  mood  make  him  difficult 
to  deal  with;  these  states  are  seen  not  alone  in  connection  with  the 
seizure,  but  also  without  apparent  cause;  therefore  the  handling  of 
epileptics  requires  the  greatest  tact  and  discernment  in  order  to  deter- 
mine what  is  really  sullenness  or  what  is  a  pathological  state  of  mind. 
This  does  not  mean  that  the  epileptic  should  be  humored  in  his  ways; 
it  means,  however,  that  there  are  periods  when  he  is  best  let  alone 
and  other  times  when  he  should  be  required  to  submit  to  discipline. 
Rules  cannot  be  laid  down  for  this — tact  and  understanding  must 
guide  one  in  the  individual  case. 

A  trait  which  appears  uppermost  among  institutional  epileptics 
is  laziness.  Institutional  epileptics,  as  a  class,  prefer  to  avoid  work, 
and  apparently  this,  preference  is  also  seen  among  epileptics  outside 
of  institutions.  It  may  be  a  tendency  related  to  the  disease,  but  is 
more  probably  based  on  the  undisciplined  life  which  most  epileptics 
live  outside  of  institutions.  As  soon  as  their  seizures  are  known  it 
is  almost  hopeless  for  them  to  obtain  employment,  and  what  they  can 
obtain  is  usually  haphazard  and  at  irregular  intervals.  Combined 
with  the  lack  of  initiative  of  the  enfeebled  or  demented  mental  condi- 
tion the  result  appears  as  laziness. 

In  most  epileptics  there  are  periods  varying  greatly  in  duration 
and  character  in  which  the  epileptic  is  rightly  to  be  considered  irre- 
sponsible even  though  at  other  times  they  approximate  a  normal 
mental  state.  With  some  epileptics  these  diseased  states  are  con- 
tinuous, and  the  patient  may  rightly  be  classed  as  having  an  epileptic 
psychosis.  Mostly,  however,  these  abnormal  mental  states  last  onl.y 
a  few  hours  or  days;  it  would  be  an  injustice  to  such  cases  to  keep 
them  confined  continuously,  and  yet  it  is  equally  impossible  to  allow 
them  to  be  uncontrolled  at  such  psychotic  periods  on  account  of  the 
injury  they  may  do  themselves  or  others. 
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The  character  of  the  periods  varies  greatly;  in  institution  vernacular 
they  are  classed  as  "mental  confusion"  or  "mental  disturbance,"  the 
latter  being  confusion  plus  more  or  less  excitement.  Confusion  is 
the  simplest  of  these  conditions — the  individual  is  disorentiated  to  a 
greater  or  less  extent  and  is  sometimes  almost  completely  inaccessible. 
On  the  other  hand  exaltation  states  are  particularly  common — orien- 
tation for  time  and  place  being  ordinarily  fairly  well  retained,  and  the 
basis  of  the  happy  frame  of  mind  is  most  commonly  the  suddenly 
appearing  belief  that  he  [the  patient]  is  cured  or  that  a  method  of  cure 
has  been  pointed  out  to  him,  sometimes  by  Divine  revelation.  Sexual 
ideas  occasionally  enter  into  these  mental  states,  but  ideas  of  cure 
and  of  religion  are  most  common. 

Maniacal  episodes  are  not  uncommon  with  some  patients  and  pre- 
sent a  source  of  danger  to  those  about.  It  is  not  the  sphere  of  this 
article  to  describe  these  states  but  rather  to  point  out  their  existence, 
in  order  that  they  may  be  expected  and  guarded  against.  A  particularly 
serious  character  of  all  these  mental  states  is  the  tendency  of  the 
patient  to  wander.  Patients  will  slip  away  by  mere  unintention; 
they  accidentally  pass  beyond  the  observation  of  their  attendants 
and  do  not  know  how  to  get  back — probably  in  many  cases  do  not 
even  realize  that  they  are  away.  Sometimes  in  these  wandering  states 
the  patient  jumps  out  of  windows  or  off  porches,  or  even  climbs  on  to 
the  roof;  or  travels  toward  nowhere  in  particular  at  a  marvellously 
rapid  pace — very  often  unclothed  and  in  the  midst  of  winter.  Similar 
happenings  occur  in  the  postepileptic  states,  and  therefore  epileptics 
should  be  constantly  under  observation. 

These  after-seizures  and,  more  rarely,  preconvulsive  mental  states 
are  extremely  serious  if  wrongly  handled.  Much  depends  on  the  indi- 
vidual case;  some  do  not  seem  to  have  a  tendency  to  violence  and  can 
be  controlled  with  some  ease;  in  other  cases  the  slightest  attempt 
to  regulate  the  movements  or  actions  of  the  .patient  will  provoke 
violent  resistance.  As  will  be  repeated  many  times  a  knowledge  of 
the  individual  is  of  the  greatest  importance  in  these  cases. 

Liability  to  Injury. — Injuries  dependent  on  the  unconsciousness  and 
helplessness  due  to  seizure  and  its  associated  states  are  very  common 
in  the  epilepsies.  The  isolated  instances  of  this  sort  which  come 
to  the  notice  of  a  man  in  general  practice  do  not  give  an  adequate 
idea  of  the  great  dangers  to  which  the  epileptic  is  exposed  through 
his  attacks.  Cuts  and  bruises  are  common,  but,  unfortunately,  serious 
injuries  and  even  death  are  not  uncommon  results  of  the  seizures.  It 
is  part  of  our  duty  in  the  outlining  of  the  general  characters  of  the  epi- 
leptic to  emphasize  this  point.  His  whole  life  must  be  arranged  in  order 
that  he  may  not  be  needlessly  exposed  to  these  dangers — he  must  not 
work  or  climb  to  heights  from  which  he  might  fall;  he  must  keep  away 
from  fires  and  hot  stoves  lost  he  fall  and  burn  himself;  he  must  keep 
out  of  the  way  of  moving  machinery;  he  should  be  careful  in  crossing 
busy  streets;  he  should  not  bathe  nor  stand  in  water  lest  he  drown. 
At  all  times  he  should  be  under  observation.    In  institutions,  where 
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Gross  Anatomical  Lesions  Associated  with  Epilepsy. 

Tubercles  in  corpus  striatum  and  in  cortex. 
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the  expense  of  supervision  would  be  great  otherwise,  great  reliance  is 
placed  on  the  care  which  one  epileptic  will  always  give  another.  The 
chance  that  two  epileptics  alone  together  will  each  have  a  seizure  at 
the  same  time  is  remote,  and  this  pairing  will  often  enable  paid  super- 
\  ision  to  be  dispensed  with  to  a  great  extent.  There  are  a  few  instances 
in  which  the  aura  is  so  distinct  and  prolonged  that  the  patient  prepares 
for  the  attack,  and  with  such  patients  greater  liberty  may  be  permitted. 

Howe^'e^,  experience  shows  that  the  most  serious  danger  which  the 
epileptic  has  to  face  is  death  in  bed.  Here,  if  anywhere,  it  would  seem 
that  he  should  be  safe,  but  experience  shows  that  death  during  the 
night  is  the  greatest  accidental  danger  to  which  he  is  exposed.  There 
seem  to  be  three  kinds  of  these  deaths:  (1)  Where  the  patient  rolls 
on  his  face  and  smothers  wdiile  unconscious;  (2)  where  the  patient 
succumbs  to  a  rapidly  developed  pulmonary  edema;  in  this  the  patient 
practically  drowns  in  his  own  transudate;  (3)  cases  in  which  there  is 
nothing  to  explain  the  death  except  a  dilated  right  heart;  in  these 
cases  paralysis  of  the  respiratory  centres  has  been  suggested.  The 
proportion  of  accidental  deaths  among  epileptics  from  causes  directly 
related  to  a  seizure  was  about  one-sixth  the  entire  number  of  deaths 
in  a  series  of  nearly  600  deaths.^  These  things  emphasize  one  of  the 
cardinal  requisites  of  any  plan  of  treatment  or  mode  of  life  designed 
for  epileptics  that  they  must  always  be  under  the  closest  observation. 

Social  and  Economic  Relations  of  the  Disease. — The  seizures  and 
the  mental  changes  of  the  disease  awake,  even  in  the  most  sympathetic, 
a  certain  amount  of  repulsion;  in  the  ignorant  this  amounts  to  an  abso- 
lute refusal  to  work  with  or  associate  with  the  unfortunate  victim  of 
epilepsy.  The  result  is  the  social  and  economic  isolation  of  the  epileptic. 
Where  the  patient  has  ample  financial  resources  this  is  not  serious,  as 
an  ample  expenditure  will  assure  proper  care  and  support.  With  those 
of  small  means,  where  each  member  of  the  family  must  contribute 
toward  the  family  income,  this  isolation  is  serious  and  represents  a 
flifferent  sort  of  situation.  The  epileptic  is  unable  to  obtain  work 
(1)  because  of  the  objections  of  his  coworkers,  and  (2)  because  his 
disease  makes  him  an  uncertain  and  undependable  worker.  Many 
epileptics  tell  of  discharge  from  place  after  place  as  soon  as  the  fact 
of  their  disease  became  apparent,  and  others  relate  a  gradual  lowering 
in  the  grade  of  work  they  could  do  as  the  disease  progressed.  On  the 
other  hand  we  occasionally  find  that  the  disease  is  for  some  time  suc- 
cessfully concealed  and  that  the  patient  is  able  to  continue  his  work  in 
an  ordinary  manner;  these  cases  are  sometimes  a  menace  to  the  general 

'  The  diagnosis  of  seizure  death  must  rest  usually  on  negative  evidence,  as  there 
is  nothing  absolutely  characteristic  of  the  condition.  General  congestion,  especially 
of  the  splanchnic  area  and  lungs,  with  edema  of  the  latter,  dilated  right  auricle  and 
ventricle  and  hydrops  of  the  subarachnoid  space  are  the  ordinary  findings.  The 
dilaterl  heart  is  most  constant,  after  which  would  come  the  general  congestion  of  the 
splanchnic  area  and  of  the  lungs,  with  edema  of  the  latter.  The  situation  of  the 
bofly  when  found  must  be  carefully  con.sidered;  the  position  of  the  fingers  (closed 
over  thumb  in  palm),  petechial  hemorrhages  in  the  skin  or  conjunctiva\  urination 
or  defecation,  evidence  of  mucus  or  fluid  from  the  mouth  are  of  value.  Sec  Medical 
Record,  Death  in  lOpilcpsy,  January  S,  1910. 
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public,  because  their  seizure  might  occur  durinp;  working  hours.  A 
most  striking  example  of  this  kind  was  a  patient  who  had  apparently 
retained  the  position  of  switchman  on  a  railroad,  after  he  knew  himself 
to  be  an  epileptic,  and  had  thus  endangered  many  lives.  Where  the 
seizures  are  nocturnal,  or  very  mild  petit  mal,  they  may  be  successfully 
concealed. 

The  financial  stress  which  results  from  the  exclusion  of  the  epileptic 
from  regular  work^ — day  labor  and  "odd  jobs"  are  usually  the  extent 
of  the  employment  he  can  obtain — affects  not  only  the  support  which 
he  can  give  a  family  but  also  the  treatment  which  he  can  receive. 
Ample  finances  greatly  lighten  the  task  of  treatment,  and  on  the  other 
hand,  poverty  or  even  moderate  circumstance  renders  the  task  of 
establishing  a  proper  home  treatment  of  the  disease  one  of  extreme 
difficulty,  if  not  of  impossibility. 

The  treatment  of  any  of  the  epilepsies  must  take  into  consideration 
these  factors  which  affect  all  epilepsies  alike;  the  treatment  must  be 
fitted  to  the  individual  case  and  can  only  be  planned  in  the  light  of 
a  complete  medical  and  social  examination  of  the  epileptic  and  his 
environment. 

TREATMENT 

General  Medical  Treatment. — As  has  been  said,  our  knowledge  of 
the  etiology  of  epilepsy  is  limited  and  the  group  of  cases  which  must  be 
called  "unclassified"  in  an  etiological  classification  is  far  larger  than 
that  which  can  be  called  symptomatic.  In  the  latter  group,  we  may 
attempt  symptomatic  treatment,  but  in  the  former  we  have  only  at 
our  disposal  general  measures  which  have  empirically  or  otherwise, 
proved  of  some  benefit  in  the  disease.  Likewise,  in  the  symptomatic 
cases,  general  measures  must  be  emplo^'ed  to  care  for  contributing 
causes  so  that  the  general  medical  treatment  of  the  disease  is  of  first 
importance. 

As  has  been  said,  our  treatment  is  very  largely  empirical.  Attention 
has  mostly  been  paid  to  the  convulsion,  and  attempts  have  been  made, 
in  one  way  or  another,  to  so  reduce  the  irritability  of  the  cortex  as  to 
stop  the  disease;  and  except  by  those  who  regard  epileps}''  as  an  auto- 
intoxication, little  other  treatment  is  used.  The  colony  care  of  the 
epileptic  is  the  outgrowth  of  a  social  need  and  its  extension  due  the 
recognition  of  its  therapeutic  merits  by  medical  men.  We  have  no 
specific  therapy — which  sedation  is  not — but  we  are  in  possession 
of  methods  which  rightly  handled  will  often  yield  favorable  results. 

Bromides. — The  treatment  of  epilepsy,  where  epilepsy  was  regarded 
as  composed  of  the  convulsion  alone,  rested  on  the  properties  of  various 
drugs  to  inhibit  the  activities  of  the  nerve  cells  of  the  cerebral  cortex. 
Bromides  have  proved  the  best  of  these  sedatives  and  have  been  so 
extensively  used  that  epilepsy  and  the  bromides  are  almost  synonymous. 
As  indicated  earlier  in  this  article,  the  first  treatment  usually  given 
an  epileptic  is  a  course  of  the  bromides,  given  sometimes  to  cure,  but 
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usually  simply  to  stop  or  moderate  the  attacks.  No  greater  injustice 
than  this  could  be  done  the  patient.  There  are  some  who  believe  that 
the  bromides  are  curative  in  certain  mild  cases,  in  small  doses  over 
long  periods — one  distinguished  English  neurologist  so  stated  his  belief 
to  me.  It  is  now  generally  accepted  that  the  bromides  are  not  curative 
but  only  palliative,  and  are  to  be  given  only  as  such  in  chronic  cases, 
or  in  recent  cases,  as  a  means  of  controlling  the  seizures  while  other 
treatment  is  being  carried  out. 

The  old  methods  of  bromide  administration  resulted  in  doses  of  as 
high  as  an  ounce  or  an  ounce  and  a  half  in  a  day  of  the  potassium  salt; 
naturally  in  most  cases  the  seizures  were  stopped,  but  the  result  for 
the  patient  was  worse  than  a  moderate  number  of  seizures— he  became 
dull,  stupid,  apathetic,  suffered  from  digestive  disturbances  and  from 
an  acne  which  was  exceedingly  annoying,  especially  as  the  acne  often 
became  infected,  leading  to  furunculosis.  Improvement  or  arrest  of 
the  seizures  from  bromide  administration  was  not  permanent  and  the 
patient  relapsed  into  his  former  or  a  worse  state  as  soon  as  the  bromide 
was  diminished  or  withdrawn.  Patients  themselves  comment  on  the 
effect  of  bromides  and  sometimes  express  a  preference  for  a  few  seizures 
rather  than  somnolence  from  bromides. 

The  true  sphere  of  the  bromides,  as  we  see  it  today,  is  to  effect  a 
balance  between  the  number  of  seizures  and  the  condition  of  the  patient, 
and  should  only  be  used  where  other  measures  have  failed.  This  is  a 
radical  change  from  the  idea  of  a  few  years  ago,  and  one  which  has 
resulted  in  increased  comfort  for  the  epileptic.  Only  a  minority  of 
patients  require  bromides  as  a  routine  treatment,  if  they  are  properly 
looked  after  in  other  ways.  These  cases,  however,  require  a  small 
amount  of  bromides  to  prevent  a  too  great  number  of  attacks,  which 
if  unrestrained  might  be  dangerous.  A  stock  formula  of  use  is  the 
following: 


Of  this  a  teaspoonful  represents  about  10  grains  of  the  mixed  bromides 
and  the  dose  can  be  thus  arranged  to  suit  the  needs  of  the  patient. 
The  effort  should  always  he  to  give  no  bromide  or  as  little  as  is  consistent 
with  safety  to  the  patient. 

Where  bromide  is  to  be  given  regularly,  various  methods  may  be 
used  to  administer  it.  It  may  be  used  instead  of  salt  in  bread,  and  rolls 
baked  of  the  proper  size  for  one  dose.  An  artificial  mineral  water  was 
used  by  Collier^  with  success;  the  bromide  was  combined  with  mag- 
nesium sulphate  and  sometimes  with  iron  to  make  a  concentrated  watery 
solution,  which  was  diluted  as  required.  Twelve  parts  of  the  mixed 
bromides  of  sodium,  potassium,  ammonium,  anrl  calcium  are  dissolved 
with  <S  parts  of  magnesium  sulphate  to  make  128  parts  of  concentrated 


— Potassium  bromide 
Sodium  bromide  . 
Water  to    .     .  . 


Gm. 
8.0 
8.0 

100.0 


*  Transaction.s  of  National  Association  for  Study  of  Epilepsy,  vol.  iii,  p.  39. 
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solution.  Of  this  2  ounces  diluted  to  a  quart  will  give  about  11  grains 
bromide  in  a  half  pint  of  water  (one  ordinary  tableglassful)  and  about 
7|  grains  magnesium  sulphate. 

Several  compounds  in  which  bromine  is  substituted  into  an  organic 
radical  have  been  placed  on  the  market,  with  the  object  of  preventing 
the  gastric  disturbances  which  sometimes  follow  the  administration 
of  the  bromides  as  metallic  salts.  The  substitution  of  bromine  into 
a  vegetable  oil  yields  a  preparation  which  has  some  advantages,  but, 
on  the  whole,  these  modifications  have  no  advantage  o\'er  the  metallic 
bromides  when  the  latter  are  properly  used. 


Fig.  15 


Gross  anatomical  lesions  associated  with  epilepsy.    Localized  atrophic  changes  of  unknown  origin, 
but  probably  traumatic  (birth  injury)  or  the  result  of  an  old  inflammatory  process. 

Preference  is  expressed  by  some  for  a  particular  metallic  bromide 
or  for  a  particular  combination;  it  seems  probable  that  tliese  are 
variations  of  slight  importance,  that  one  is  as  good  as  another. 

In  discussing  bromine  therapy,  reference  must  be  made  to  the 
numerous  nostrums  which  are  sold  as  "treatments"  or  "cures"  for 
epilepsy.  It  is  entirely  unnecessary  to  call  attention  to  the  pernicious 
character  of  such  medication.  Mostly  these  nostrums  contain  bromides 
in  large  amounts,  even  though  statement  is  made  to  the  contrarv,  and 
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their  success  in  arresting  the  seizures  simply  depends  on  the  enormous 
dosage  of  bromides  which  the  patient  is  directed  to  take. 

It  used  to  be  that  the  face  of  every  epileptic  was  covered  with  acne, 
from  the  heavy  bromide  medication  he  was  receiving.  Fortunately, 
this  is  not  so  true  at  present,  but  nevertheless,  many  patients  come 
for  treatment  who  are  thoroughly  saturated  with  the  bromides  and 
who  show  the  symptoms  of  bromism — mental  dulness  and  acne.  The 
clearing  up  of  such  cases  is  something  which  must  be  done  with  great 
care,  as  a  sudden  reduction  in  the  amount  of  sedative  in  the  body  will 
not  infrequently  result  in  an  excessive  number  of  attacks— even  serial 
seizures  or  status  epilepticus;  if  the  drug  is  withdrawn  suddenly,  every 
precaution  must  be  taken  against  an  emergency.  The  clearing  out 
of  the  bromides  should  be  done  fairly  slowly;  an  attempt  should  be 
made  to  determine  the  amount  of  bromides  which  have  been  taken 
and  to  start  from  this  point  and  work  the  dosage  downward  with  only 
a  moderate  rapidity. 

In  some  cases,  a  condition  of  delirium  results  from  the  bromine 
intoxication;  this  is  extremely  exhausting,  and  it  may  seem  advisable 
to  produce  rapid  ehmination  of  the  bromides.   (See  Chapter  XVI.) 

The  urine  is  the  main  vehicle  in  which  the  bromides  are  excreted, 
but  at  the  same  time  the  bowels  and  skin  are  valuable  aids.  Diuretics 
and  continuous  normal  saline  per  rectum  will  probably  do  the  work 
best.  The  salt  contained  in  the  saline  solution  will  have  an  almost 
specific  action  in  forcing  the  elimination  of  bromides,  an  increase  of 
the  sodium  chloride  concentration  tending  to  force  sodium  bromide  out 
of  the  body.  Doses  of  common  salt  may  even  be  given  for  this  purpose, 
but  it  must  be  borne  in  mind  that  any  rapid  excretion  of  the  bromides 
may  be  exceeclmgly  dangerous  to  the  patient  and  should  only  be  under- 
taken in  cases  of  bromide  delirium.  The  physician  must  be  prepared 
to  control  with  chloral  or  other  sedative  the  seizures  which  may  result. 

Reduction  of  the  bromides  is  of  course  a  necessary  part  of  the  treat- 
ment of  bromide  acne,  but  the  simultaneous  administration  of  arsenic 
— Fowler's  solution — ^seems  to  restrict  its  occurrence.  Baths  are  of 
use  in  the  treatment  of  the  bromide  eruption. 

A  form  of  cure  which  had  many  advocates  at  one  time  w^as  the 
opium-bromide  treatment  of  Flechsig.  This  consists  essentially  of  a 
course  of  treatment  with  opium  in  ascending  doses,  extending  over  a 
period  of  six  weeks,  and  reaching  15  grains  a  day;  the  opium  is  then 
withdrawn  and  bromides  in  120-  to  1.30-grain  doses  daily  is  substituted 
over  a  period  of  two  months,  after  which  the  dose  is  gradually  reduced 
to  30  grains  a  day.  It  was  recommended  only  for  chronic  cases  where 
the  bromides  alone  had  failed  and  was  to  be  carried  out  under  the 
closest  observation.  The  consensus  of  opinion  seems  to  be  that  the 
tPfatment  is  not  successful. 

Other  Sedatives. — Practically  no  other  sedative  than  bromide  can  bo 
used  in  the  routine  treatment  of  epilepsy.  A  long  list  of  remedies 
might  be  given — adonis  vernalis,  solanum  carolinense,  and  simulo  are 
among  the  vegetable  remedies  recommended  as  a  routine,  but  they  are 
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of  use,  if  at  all,  only  in  rare  cases,  On  the  other  hand  the  sedatives 
of  the  synthetic  group  are  at  times  indispensable,  not  for  routine, 
but  for  emergency  use.  In  the  conditions  of  rapidly  recurrent  seizures 
and  in  mental  disturbance,  chloroform,  chloral,  paraldehyde,  amylene 
hydrate,  etc.,  have  their  usefulness.  They  are  habit  producers  or 
otherwise  unsuitable  for  routine  use. 

Borax  has  been  extensively  used  as  a  specific  against  epilepsy,  and  as 
with  all  remedies,  favorable  results  have  been  reported.  It  has  prac- 
tically no  advocates  today;  its  effects  on  the  digestive  tract  and  skin 
are  such  that  it  is  not  a  desirable  treatment.  The  work  of  Dr.  Wiley 
on  normal  people  with  small  doses  repeated  over  a  long  time  is  addi- 
tional argument  against  it.  It  has  been  given  in  as  high  doses  as  120 
grains  per  day. 

In  cases  where  there  is  a  pr6longed  prodromal  period  and  in  which 
the  seizures  are  comparatively  infrequent,  sedation  should  never  be 
continued  through  the  interval  but  only  administered  when  the  attack 
threatens.  Similarly,  when  a  patient  has  seizures  with  some  regularity 
at  a  given  time  of  day,  as  some  do,  a  somewhat  larger  dose  of  sedative 
one  to  four  hours  before  the  ordinary  time  of  the  seizure  will  probably 
be  more  beneficial  than  a  much  larger  amount  distributed  through  the 
day. 

The  fundamental  principle  of  routine  sedation  in  the  treatment  of 
epilepsy  is  wrong.  It  is  an  attempt  to  prevent  the  nerve  cell  from 
reacting  to  a  stimulus  or  condition  and  is  not  an  attempt  to  remove 
this  stimulus  or  condition.  Sedatives  can  never  be  more  than  palliative 
— true,  in  the  emergencies  of  the  disease  they  are  life-saving  but 
never  curative;  no  treatment  which  depends  on  putting  the  brain 
to  sleep  in  whatever  degree  can  be;  the  successful  treatment  will  be 
based  on  the  etiology  of  the  condition  and  will  strike  at  the  cause  and 
not  at  the  mechanism.  Stopping  an  engine  by  means  of  a  brake 
without  shutting  off  the  steam  is  exactly  analogous  to  trying  to  stop 
epilepsy  by  sedatives. 

As  we  have  already  stated,  the  fundamental  characteristic  of  the 
epileptic  as  we  see  him  is  an  unstable  nervous  system — a  nervous 
system  whose  equilibrium  is  upset  with  great  ease  by  various  causes. 
Sedatives  serve  as  props  to  the  tottering  structure  and  support  it 
only  long  as  they  are  continued — what  we  have  to  do  is  to  strengthen 
the  nervous  structure  of  the  epileptic  so  that  it  can  resist  the  causal 
agents  of  epilepsy  by  itself,  so  that  its  equilibrium  is  more  stabile  and 
less  ready  to  respond  with  a  seizure  to  certain  stimuli.  The  maintenance 
of  equilibrium  by  means  of  sedatives  is  an  undesirable  method  and  one 
which  brings  no  permanent  results. 

Hygienic  Treatment. — As  a  substitute  for  the  bromides  and  as  a  real 
curative  agency  we  rely  on  a  multiplicity  of  metiiods  which  may  be 
summed  up  in  two  words,  "good  hygiene."  Good  hygiene  in  this  sense 
means  something  more  than  obedience  to  the  laws  of  health;  it  means 
good  food,  good  sanitation,  proper  exercise — every  means  which  places 
the  body  of  the  patient  in  the  best  physical  condition;  more  than 
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this,  it  contains  the  idea  of  a  discipHne  which  will  inculcate  self-control. 
Personally,  the  writer  believes  that  obedience  to  discipline  and  the 
resulting  gain  in  self-control  is  no  small  part  of  the  treatment  which  is 
summed  up  in  good  hygiene. 

It  is  a  difficult  matter  to  present  in  any  definite  way  the  rules  of 
life  which  should  guide  the  epileptic.  In  fact,  the  individualization 
of  the  treatment  of  the  epilepsies  is  so  important  that  hard  and  fast 
rules  cannot  be  laid  down  and  only  the  general  principles  can  be  in- 
dicated. ^Yhat  might  be  good  for  one  case  will  fail  with  another. 
It  is  in  carrying  out  the  hygienic  treatment  of  the  disease  that  the 
practitioner  is  most  helpless.  The  difficulties  in  enforcing  any  such 
treatment  at  home  are  very  great;  the  busy  mother  finds  it  hard  to 
spare  time  to  oversee  her  epileptic  child ;  the  ignorant  fail  to  apprehend 
the  wisdom  of  the  measures  advised  and  deliberately  violate  them; 
while  many,  through  their  great  love  for  the  afflicted  one,  cannot  deny 
them  anything  they  desire  and  indulge  all  their  wishes.  If  thera- 
peutic results  are  to  be  obtained  from  hygienic  measures,  either  the 
home  must  be  of  such  a  character  that  perfect  cooperation  may  be 
obtained  or  else  the  patient  must  be  removed  to  a  suitable  hospital 
or  institution. 

To  everyone  who  has  to  deal  with  large  numbers  of  epileptics  there 
comes  the  impression  that  the  gastro-intestinal  tract  has  a  very  great 
share  in  the  causation  of  the  individual  attacks  and  emergencies  of 
the  disease.  This  does  not  mean  adherence  to  a  hard  and  fast  auto- 
intoxication theory  of  the  disease,  but  it  does  imply  a  belief  that  absorp- 
tion from  the  gastro-intestinal  tract  is  one  of  the  important  variable 
quantities  which  enter  into  the  summation  of  causes  which  lead  to  the 
seizure. 

Diet. — One  of  the  chief  characteristics  of  the  epileptic,  closely  related 
in  all  probability  to  his  unrestrained  will,  is  the  tendency  to  overeat, 
to  gourmandize.  In  the  great  question  of  diet,  limitation  of  the  amount 
of  food  taken  is  of  far  greater  importance  than  selection  of  the  articles 
to  be  consumed.  Naturally,  the  minimum  amounts  of  the  various  food 
principles  are  quite  definitely  fixed  by  physiological  demands;  there 
seems  to  be  an  accepted  belief  that  nitrogenous  foods  should  be  kept 
at  or  near  the  physiological  minimum,  but  that  beyond  this  there 
is  not  any  accepted  basic  principle  for  the  selection  of  the  epileptic's 
diet. 

The  choice  of  the  individual  articles  of  food  which  are  to  be  per- 
mitted depends  largely  on  the  individual  experience  of  the  patient. 
Many  patients  are  aware,  from  experience,  that  certain  things'  are  bad 
for  them  and,  on  the  other  hand,  feel  that  others  can  be  taken  with 
impunity.  This  being  the  case,  the  epileptic  should  not  be  tempted 
to  indulge  in  the  undesirable  articles,  but  need  not  be  denied  those 
foods  which  do  not  cause  noticeable  difficulty — provided  always  that 
the  quantity  is  carefully  controlled. 

Candy,  sweets,  and  rich  pastry  are  common  sources  of  difl^culty. 
These  represent  special  dangers  when  patients  are  living  at  home, 
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especially  if  in  a  town,  and  after  visits  from  friends  to  patients  in  a 
hospital  or  institution,  when  dainties  are  smuggled  into  the  patient 
through  mistaken  affection. 

Fruits  are  ordinarily  desirable;  no  objection  is  apparent  to  the  citrous 
fruits,  but  to  some  of  the  heavier  and  more  pulpy  varieties,  for  example, 
bananas  and  apples,  at  least  when  unripe,  there  seems  to  be  reason 
for  objection.  In  the  case  of  unripe  apples  especially,  and  sometimes 
from  improperly  prepared  dried  apples,  trouble  is  almost  bound  to  come; 
and  in  the  summer,  while  the  fruit  is  on  the  trees,  great  vigilance  has 
to  be  used  to  prevent  an  indulgence  which  may  cause  a  dangerous  run 
of  seizures. 

Alcohol  occupies  a  prominent  place  in  the  list  of  forbidden  subf^tances; 
there  can  be  no  question  but  that  it  is  a  more  dangerous  poison  for  the 
epileptic  than  it  is  for  normal  people,  and  some  go  so  far  as  to  describe 
its  action  on  the  epileptic  as  being  almost  specific.  In  some  cases  this 
is  true,  and  an  alcoholic  indulgence  is  inevitably  followed  by  a  seizure; 
in  some  there  are  seizures  at  no  other  times.  Without  denominating 
it  a  specific  poison  for  the  epileptic,  its  absolute  restriction  is  to  be 
desired  in  all  cases.  On  the  other  hand,  in  the  conditions  in  which 
it  is  used  therapeutically,  as  in  pneumonias,  it  seems  to  have  no  ill 
effect  on  the  epileptic  as  such.  It  should  be  cautiously  used,  how^ever, 
where  cases  are  known  to  be  susceptible. 

Alcohol  may  also  act  as  a  sedative  in  epilepsy,  though  its  use  is 
not  advised.  A  patient  recently  under  observation  had  been  encouraged 
(at  another  institution)  to  use  alcohol  to  dull  the  anxious  state  which 
preceded  his  seizures  by  some  hours.  This  patient  controlled  himself 
here  very  well  for  some  months,  but  finally  during  an  anxious  state 
slipped  away  to  the  neighboring  village  and  became  intoxicated.  The 
interesting  thing  about  the  incident  was  that  he  did  not  have  a  seizure 
so  far  as  is  known  and  that  he  cleared  up  much  more  rapidly  and  better 
than  after  bromides.  Bearing  in  mind  the  habit-producing  power  of 
this  drug  it  might  be  a  valuable  sedative  in  some  cases.  The  writer 
is  not  to  be  understood  as  recommending  its  use  for  such  purposes. 

Of  individual  articles  of  food,  articles  prepared  hy  frying  are  generally 
undesirable  on  account  of  the  difficulty  of  digestion.  Some  patients 
recognize  their  inability  to  eat  greasy  foods,  and  it  is  in  general  wisest 
to  prohibit  such  dishes.  Certain  heavy  foods,  such  as  pork,  cabbage, 
etc.,  have  been  generally  condemned,  but  it  is  our  experience  that  unless 
the  individual  patient  experiences  difficulty  from  them  they  do  no 
harm  when  occasionally  included  in  the  dietary  in  limited  amounts. 
A  meal  containing  pork  or  one  containing  a  little  cabbage  will  do  no 
harm  occasionally;  it  is  probably  best  that  the  pork  should  be  roasted 
very  thoroughly  and  that  the  cabbage  should  l3e  finely  chopped.  As 
regards  cabbage  and  similar  bulky  foods,  they  have  a  distinct  usefulness 
in  giving  bulk  to  the  feces  and  thus  promoting  peristalsis.  All  ^'arieties 
of  pastry  are  not  to  be  condemned;  simple  cakes  and  cookies  and 
puddings  made  from  rice  or  tapioca  or  similar  material  are  entirely 
suitable  and  may  be  permitted;  the  kinds  commonly  characterized 
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as  rich  are  to  be  forbidden.  Fruits  as  specified  above  are  desirable  and 
siiould  be  taken  without  too  much  sweetening. 

The  whole  secret  of  diet  in  epilepsy  lies  in  moderation;  this  must 
be  the  key-note,  and  if  the  patient  cannot  control  himself  in  the  matter 
of  eating  the  food  must  be  portioned  out  to  him  in  quantity  sufficient 
to  maintain  body  weight  at  a  proper  level.  Some  recommend  under- 
nutrition (associated  with  thorough  elimination)  for  a  time,  and  this 
may  have  a  valuable  role  in  clearing  out  from  the  body  the  products 
of  intestinal  putrefaction.  There  is  no  one  w^ay  which  is  best  for  all 
epileptics — what  is  good  for  one  will  fail  with  another.  This  is  well 
shown  by  tests  of  some  special  diet  with  groups  of  epileptics,  as  for 
example  milk,  an  exclusively  vegetable  diet,  etc.;  individual  cases  are 
benefited  while  others  are  unaffected  or  are  made  worse.  It  is  entirely 
a  matter  of  moderation  and  of  the  individual  case. 

Closely  allied  to  the  choice  and  amount  of  the  diet  is  the  matter  of 
its  digestion  and  the  elimination  of  waste  products.  The  proper  selec- 
tion of  diet  naturally  has  a  great  influence  on  the  processes  in  the  lower 
part  of  the  digestive  tract,  but  attention  to  this  alone  is  insufficient. 
The  condition  of  the  digestive  tract  in  all  epileptics  seems  to  have  some 
influence  on  the  attacks,  but  w^e  cannot  say  definitely  whether  this  is 
causal  or  merely  coincident.  We  know,  how^ever,  that  in  many  epileptics 
constipation  precedes  the  attack;  we  know  that  indiscretions  of  diet 
bring  on  attacks;  and  lastly,  we  know  that  clearing  out  the  bow^els 
during  prodromas  will  often  abort  a  seizure.  Apparently  something 
in  or  coming  from  the  digestive  tract  acts  as  an  excitant  on  the  nervous 
system  and  brings  on  the  attack.  In  fact,  the  WTiter  does  not  hesitate 
to  say  that  elimination,  especially  from  the  bowels,  is  one  of  if  not 
the  most  effective  weapon  we  have  in  the  treatment  of  all  epileptic 
conditions. 

Treatment  of  Constipation. — Constipation  is  the  constant  complaint 
of  the  epileptic.  In  part,  this  is  simply  a  manifestation  of  the  ego- 
centric character  of  the  epileptic  makeup- — it  serves  simply  as  an 
excuse  for  attracting  attention  to  himself — but  in  large  part  it  is  a 
real  condition  and  requires  attention.  The  clearly  marked  condition, 
where  there  is  cessation  of  fecal  discharges  for  a  time,  is  always  recog- 
nized and  treated  as  soon  as  brought  to  the  notice  of  the  physician. 
The  more  insidious  variety,  which  might  be  called  a  relative  constipa- 
tion, depends  on  a  slowing  of  peristalsis,  with  the  result  that  the  intes- 
tinal contents  are  retained  for  a  longer  time  than  normal.  Someone 
has  described  this  as  having  the  stools  a  day  late.  There  is  thus 
increased  opportunity  for  absorption  and  bacterial  change.  So  far 
we  have  no  experimental  proof  that  there  is  such  absorption,  but  the 
clinical  association  of  constipation  and  increased  attacks  certainly 
indicates  some  sort  of  relationship. 

The  simple  diet  recommended  for  the  epileptic  and  the  regular 
muscular  work  which  should  also  form  a  part  of  the  treatment  will 
be  valuable  airls  in  promoting  peristalsis;  there  is  usually,  however, 
a  long  standing  habit  of  constipation  to  overcome,  and  both  training 
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and  direct  treatment  are  usually  required.  We  have  to  educate  the 
intestinal  tract  to  a  regular  and  more  active  hai)it  of  peristalsis,  the 
chief  of  which  is  the  cultivation  of  a  regular  habit  of  going  to  stool 
at  a  definite  time  of  day.  Nevertheless,  even  though  a  daily  movement 
be  reported,  it  is  profitable  to  occasionally  make  sure  that  the  passages 
are  sufficient  and  that  material  is  not  being  accumulated. 

The  great  difficulty  in  making  this  sort  of  treatment  effective  is 
to  make  the  physician  and  patient  understand  that  it  must  be  extremely 
thoroifgh  and  prolonged  and  to  get  the  patient  to  cooperate  in  a  treat- 
ment which  is  often  inconvenient.  For  instance,  the  physicians  whom 
the  writer  has  observed  seem  mostly  to  regard  a  dose  of  calomel,  fol- 
lowed by  a  Seidlitz  powder,  or  a  single  purgative  pill,  or  an  enema,  as 
sufficient  treatment  for  constipation.  The  writer  is  indebted  to  one  of 
his  colleagues.  Dr.  Collier,  for  the  repeated  demonstration  that  such 
treatment  in  epileptics  is  insufficient  and  that  incomplete  purgation 
may  even  promote  trouble  by  stimulating  activity  in  the  large  intestine 
through  the  incomplete  removal  of  old  material  and  the  introduction 
of  some  new. 

The  necessity  of  thoroughness  in  clearing  out  the  lower  digestive 
tract  cannot  be  overestimated.  The  individual  should  be  placed  in 
bed  on  very  restricted  diet  or  on  no  diet  at  all  and  purgation  and  enemas 
should  be  continued  for  two  or  three  days.  It  is  surprising  in  some 
cases  the  amount  of  fecal  matter  which  is  obtained  late  in  such  a  course 
of  treatment;  the  rectum  and  sigmoid  apparently  are  easily  emptied 
and  probably  well  up  into  the  transverse  colon,  but  in  the  cecum  and 
ascending  colon  there  is  likely  to  be  retention  of  fecal  matter,  wliich 
will  act  as  an  irritant  unless  removed.  This  is  sometimes  shown  at 
autopsy  in  cases  of  fatal  status  in  which  in  spite  of  active  elimi- 
nation there  is  still  retention  of  material  high  up  in  the  large  intestine. 
Failure  will  inevitably  result  from  this  method  unless  thoroughness 
is  used  in  carrying  out  the  treatment;  and  half  measures  are  entirely 
unsatisfactory. 

Where  some  purgative  is  required  for  daily  use  cascara  is  the 
choice  in  most  cases,  though  in  others  Epsom  salt  is  more  successful. 
Occasionally  a  daily  enema  is  more  desirable. 

Having  in  mind  the  importance  of  the  lower  digestive  tract  where 
bacterial  processes  play  an  important  part,  both  in  the  desirable  and 
undesirable  processes,  it  is  but  natural  that  oral  and  dental  hygiene 
should  be  important.  Carious  teeth  and  accumulations  of  tartar  and 
of  mucus  about  the  teeth  and  throat  serve  as  reservoirs  of  infection, 
from  which  a  continuous  stream  of  bacteria  is  sent  out  to  perpetuate 
the  conditions  in  the  lower  parts  of  the  alimentary  canal. 

In  beginning  the  treatment  of  a  case  of  epilepsy  the  services  of  a 
dentist  should  be  called  on  quite  as  much  as  the  services  of  an 
ophthalmologist  or  other  specialist.  He  should  do  a  complete  piece  of 
work,  fill  all  cavities,  extract  all  hopeless  stumps,  and  furnish  artificial 
denture  if  required.  The  patient  should  be  reexamined  and  the  teeth 
cleaned  at  frequent  intervals.     Besides  this  work  the  patient  should 
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be  furnished  with  a  fjjood  tooth-brush  and  with  a  pleasant  mouth  wash 
—the  pharmacopoeial  hquor  antisepticus  alkahnus  and  acidus  are  very 
suitable  and  comparatively  inexpensive.  It  is  not  sufficient  that  he 
be  gi\-en  these  materials— someone  must  see  that  he  uses  them  regularly 
three  or  four  times  a  day.  The  essential  part  of  the  process  is  the 
mechanical  cleansing  with  the  brush,  and  the  particular  mouth-wash 
used  is  more  or  less  immaterial. 

The  restriction  of  salt  in  the  diet  of  epileptics  has  been  very  highly 
recommended.  Very  much  is  claimed  of  this  procedure,  but  its  probable 
value  does  not  extend  beyond  the  enhanced  effect  of  small  amounts 
of  bromides  through  the  lowered  sodium  chloride  concentration,  the 
reverse  of  the  mass  action  already  mentioned  in  connection  with  the 
rapid  elimination  of  bromides  by  the  giving  of  common  salt,  in  which 
the  excess  of  salt  tends  to  force  the  bromides  out  of  the  system.  Possibly 
in  cases  where  a  cardio-renal-vascular  condition  complicates  or  causes 
the  epilepsy  the  deprivation  of  salt  may  be  especially  efficient,  but 
on  the  whole  it  is  to  be  valued  only  as  a  means  of  getting  large  effects 
from  small  doses  of  bromides. 

Drugs  Used  in  Treatment  of  Epilepsy. — A  number  of  other  drugs  are 
at  times  used  in  epilepsy.  Moryhine  is,  on  the  whole,  contraindicated 
and  need  not  be  given  in  the  treatment  of  the  disease.  Digitalis  has 
been  recommended  in  the  treatment  of  epilepsy  as  a  means  of  improving 
the  cerebral  circulation,  in  the  belief  that  a  cerebral  anemia  was  the 
underlying  cause  of  the  attacks.  It  does  not  seem  probable  that  this 
result  will  be  attained,  except  in  cases  where  the  heart  shows  evidence 
of  muscular  disease.  In  epileptiform  attacks  accompanying  auriculo- 
ventricular  dissociation  the  immediate  cause  is  as3'stole,  and  digitalis 
will  probably  improve  the  condition.  In  the  past  there  were  epilepsies 
which  were  termed  heart  or  cardiac  epilepsies,  but  except  in  the  case 
of  the  Adams-Stokes  syndrome  we  cannot  trace  the  connection  of 
heart  and  epileptic  seizures.  An  accompanying  heart  condition  is  to 
be  treated  as  such,  irrespective  of  the  epilepsy. 

Upon  the  theory  that  minute  hemorrhages  in  the  cortex  determine 
the  individual  attack,  and  that  these  hemorrhages  are  due  to  a  low 
coagulation  time  of  the  blood  and  also  upon  the  idea  that  it  has  possibly 
a  relation  to  ductless  gland  activity  (as  in  tetany)  and  to  the  production 
of  tissue  edemas,  calcium  has  been  recommended  in  the  treatment  of 
epilepsy.  There  seems  some  evidence  to  show  that  in  many  epileptics 
the  coagulation  time  of  the  blood  is  slowed  as  compared  with  the  normal. 
The  calcium  is  given  as  the  chloride,  as  the  lactate  or  lactophosphate, 
but  its  use  has  not  led  in  general  to  any  startling  results.  It  is  like 
many  other  things,  a  remedy  which  may  be  tried  and  which  may 
succeed  in  occasional  cases. 

Thyroid  extract,  parathyroid,  and  other  organ  preparations  have 
been  recommended.  The  future  may  possibly  reveal  to  us  the  role 
played  by  the  cluctless  glands  in  epilepsy.  There  are  cases  which 
improve  under  administration  of  the  organic  preparations,  but  we  do 
not  at  present  know  the  kind  of  cases  in  which  this  occurs,  or  the 
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mechanism,  well  enough  to  lay  down  rules  for  the  use  of  these  sub- 
stances in  the  treatment  of  forms  of  epilepsy. 

Valerian  is  sometimes  used  in  cases  in  which  there  is  apparently 
an  hysterical  element. 

Some  years  ago  a  considerable  amount  of  work  was  done  with  the 
serum^  of  epileptics  in  an  attempt  to  demonstrate  a  poison  and  produce 
antitoxic  substances.  Ceni  reported  the  first  of  this  work  and  presented 
results  which  appeared  hopeful.  The  method  was  not  successful  in  the 
hands  of  other  observers,  with  some  exceptions,  and  the  work  has 
passed  into  disfavor. 

The  use  of  crotalin  or  rattlesnake  venom  has  been  advocated  by 
Spangler,2  who  reports  very  favorable  results.  The  writer  cannot  per- 
ceive any  theoretical  grounds  for  such  treatment,  and  the  favorable 
results  obtained  are  probably  only  those  obtained  for  a  time  from  any 
change  of  treatment  and  improved  conditions. 

Occupation. — A  part  of  the  medical  treatment  of  the  disease  in  all 
its  forms  is  a  suitable  occupation.  Unfortunately,  the  epileptic  soon 
finds  that  the  malady  from  which  he  suffers  is  both  reason  and  excuse 
for  his  not  working,  and  in  some  cases  it  is  even  suggested  that  work 
is  inadvisable.  The  writer  recalls  an  epileptic  who  said  that  his  doctor 
(at  home)  had  told  him  that  work  was  bad  for  his  disease — never 
was  physician's  advice  more  willingly  followed.  Work  is  advisable 
for  all  epileptics  to  the  extent  of  their  ability,  both  for  medical  and 
economic  reasons. 

Productive  work,  on  a  par  with  that  produced  by  average  normal 
people,  is  out  of  the  question  for  the  epileptic;  he  will  rarely  be  able 
to  support  himself  as  he  could  before  he  became  epileptic.  It  must 
be  realized  that  he  is  under  serious  handicap — that  the  periods  of 
idleness  enforced  by  the  attacks  and  the  mental  deterioration  of  the 
disease  will  steadih-  undermine  his  productive  ability.  But  no  matter 
how  small  his  efficiency,  he  should  attain  as  near  a  maximum  production 
as  is  possible  for  him.  From  an  economical  standpoint  he  will  be 
contributing  something  toward  his  support  so  that  he  does  not  represent 
an  entire  loss  to  the  community  or  become  so  great  a  burden  on  his 
family.  Medically,  the  value  of  work  lies  in  the  fact  that  regular  work 
is  an  excellent  form  of  discipline,  and  discipline  of  whatever  form  is 
valuable  in  overcoming  the  fundamental  instability  of  the  nervous 
system  of  the  epileptic.  The  ability  to  stick  to  a  given  line  of  work 
means  a  gain  in  self-control  and  represents  an  inhibition  which  spreads 
to  all  the  cerebral  activities.  The  downward  tendency  of  the  disease 
is  sufficient  without  aiding  it  by  allowing  the  epileptic  to  make  of  him- 
self a  hopeless  wreck,  a  derelict,  an  object  of  charity.  Work  makes 
the  epileptic  proud  and  gives  him  stability. 

The  exact  kind  of  work  is  immaterial  so  long  as  it  does  not  place 
the  epileptic  in  positions  where  his  seizures  expose  him  to  danger. 

>  Literature  listed,  Journal  of  Nervous  and  Mental  Disease,  May,  1907. 
^  New  York  Medical  Journal,  xcii,  462. 
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Only  in  rare  cases,  where  the  character  of  the  aura  is  pronounced  and 
well-recognized,  should  any  risk  he  assumed,  and  then  only  under 
observation.  It  must  be  remembered  that  epilepsy  is  a  dangerous 
disease.  Outdoor  and  manual  work  are  to  be  preferred  over  indoor 
or  mental  occupations;  experience  shows  that  epileptics  do  not  do  well 
at  occupations  requiring  much  mental  effort.  Farm-work,  because 
of  the  happy  combination  of  fresh  air  and  work  and  because  efficient 
oversight  can  easily  supply  the  defects  of  the  patient's  mentality,  is 
on  the  whole  the  best  occupation  which  can  be  provided.  Other  manual 
pursuits  which  may  have  been  learned  before  the  onset  of  the  epilepsy 
may  be  continued,  with  proper  safeguards  if  there  be  danger  of  accident. 

Keeping  the  epileptic  at  work  will  in  many  cases  fall  on  the  physician; 
the  combination  of  the  horror  and  dislike  of  the  epileptic  on  account 
of  his  seizures  with  the  natural  feeling  that  an  invalid  should  not  work, 
will  make  the  providing  of  an  occupation  for  the  epileptic  a  task  of 
some  difficulty.  If  the  physician  desires  to  really  benefit  the  case 
he  must  see  that  a  regular  occupation  is  provided  and  followed.  It 
may  require  a  good  deal  of  ingenuity  to  provide  work  for  these  people; 
in  England,  and  also  lately  in  Philadelphia,  there  are  societies  whose 
business  it  is  to  provide  occupation  for  the  epileptic.  Work  for  the 
epileptic  is  indispensable. 

Regular  work  is  associated  with  a  regular  routine  of  life.  The  epileptic 
should  rise,  eat,  and  retire  at  regular  hours;  the  meal-times  should  be 
fixed;  the  hours  for  work  should  be  clearly  defined  and  there  should 
also  be  time  for  recreation.  His  movements  should  be  controlled — he 
should  be  under  discipline  to  such  an  extent  that  he  should  have  to 
get  permission  to  do  anything  out  of  the  routine.  Discipline  acts 
as  a  balance  wheel,  and  as  contrasted  with  complete  personal  freedom 
is  in  the  part  the  secret  of  the  improvement  of  patients  who  simply 
live  in  institutions. 

Correction  of  Ocular  Errors. — The  writer  can  by  no  means  place  a 
high  estimate  on  the  value  of  the  correction  of  muscular  and  refractive 
ocular  errors  in  the  treatment  of  epilepsy,  and  would  even  express  his 
doubts  as  to  the  curative  or  arresting  power  of  these  procedures  in  any 
but  occasional  cases.  The  ophthalmologist  is,  however,  very  important 
in  the  treatment  of  epilepsy;  in  the  first  place  his  expert  examination 
of  the  retina  is  of  value  in  determining  the  presence  or  absence  of  tumor; 
the  retinal  vessels  also  indicate  something  of  the  state  of  the  cerebral 
circulation;  and  determination  of  the  color  fields  is  of  value  possibly 
in  determining  slightly  increased  intracranial  tension  and  in  the  diag- 
nosis of  hysteria.  Even  though  muscular  and  refractive  errors  are  not 
directly  causal  in  most  cases,  they  are  one  of  the  variable  quantities 
which  added  to  others  make  up  the  etiology  of  the  seizure.  It  must 
be  our  object  to  remove  as  many  of  these  causes  as  possible  in  the  hope 
of  so  reducing  the  value  of  the  left  side  of  the  equation  to  epilepsy 
that  it  shall  no  longer  be  equal  to  the  right  side,  i.  e.,  to  the  seizure. 
Correction  of  refraction  errors  often  atkls  greatly  to  the  comfort  of 
the  patient;  in  other  cases  it  brings  improvement  of  disposition  or 
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diminution  of  the  number  of  "jerks"  as  the  myoclonic  twitchings  are 
commonly  called  and  in  an  occasional  case  will  stop  the  seizures.  The 
fitting  of  glasses  and  the  correction  of  muscle  defects  is  an  aid  but  by 
no  means  a  panacea  in  the  epilepsies. 

It  may  be  practical  to  note  that  the  glasses  worn  by  epileptics  are 
unusually  exposed  to  accident,  and  therefore  should  have  as  stout 
mountings  as  is  consistent.  The  spectacles  with  metal  rims  about 
the  lenses  are  probably  the  best;  the  position  of  the  lenses  should  also 
be  frequently  adjusted. 

The  ear  and  nose  are  also  to  be  examined.  The  direct  relation  of 
nasal  conditions  to  epilepsy  has  been  rarely  demonstrated,  but,  on  the 
other  hand,  the  relation  of  middle  ear  and  mastoid  conditions  to  a  later 
developing  epilepsy  is  not  infrequently  proved.  It  is  probabl}'  too  late, 
however,  in  such  cases  to  do  more  than  prevent  further  damage. 

Effect  of  Treatment. — In  estimating  the  success  of  any  mode  of 
treatment  the  greatest  conservatism  is  required.  A  cure  cannot  with 
certainty  be  pronounced  until  the  individual  is  dead  of  some  other 
disease  and  without  any  recurrence  of  seizures.  "Arrests"  may  be 
spoken  of,  qualifying  the  report  by  stating  the  length  of  time  for  which 
the  cessation  of  seizures  has  endured.  In  some  cases  seizures  are 
comparatively  infrequent  and  intervals  of  several  months  not  unusual. 
One  must  also  be  cautious  about  attributing  to  some  one  remedial 
measure  all  the  benefits  accruing  in  a  given  case.  It  must  be  remembered 
that  while  a  special  mode  of  treatment  is  being  tried,  patients  are 
usually  under  better  conditions,  and  especially  under  closer  observation 
than  ordinarily,  so  that  the  hygienic  conditions  alone  tend  toward 
improvement.  Careful  controls  should  always  be  made.  Lastly,  it 
must  be  remembered  that  almost  anything  done  for  an  epileptic  will 
bring  temporary  improvement. 

All  manner  of  therapeutic  and  etiological  experimentation  in  epilepsy 
has  a  great  underlying  defect,  that  a  perfectly  homogeneous  group  of 
cases  is  almost  unobtainable.  Not  only  are  there  many  individual 
peculiarities  in  each  case,  but  we  also  lack  a  knowledge  of  the  types 
of  the  disease  of  sufficient  accuracy  to  group  them  on  an  etiological 
basis.  As  epilepsy  is  the  result  of  a  summation  of  causes,  so  must 
the  result  of  treatment  be  obtained  as  the  result  from  a  number  of 
simultaneously  applied  remedies  or  methods. 

Treatment  of  Emergencies. — Epilepsy  is  a  disease  which  is  char- 
acterized by  emergencies.  The  acute  manifestations  of  the  disease 
require  special  care,  and  that  this  must  be  prompt  and  energetic,  but 
at  the  same  time  skilful,  cannot  be  too  strongly  emphasized. 

The  simplest  emergency  in  the  disease  is  the  seizure  itself.  This 
needs  little  treatment  so  far  as  the  individual  isolated  seizure  is  con- 
cerned. If  the  patient  is  observed  during  the  aura  he  should  be  placed 
in  a  chair  or  on  the  ground,  etc.,  so  that  the  risk  of  a  severe  fall  will 
be  obviated.  The  clothing  about  the  neck  is  to  be  loosened,  so  that 
breathing  will  not  be  impeded.  Such  precautions  as  may  be  should  be 
taken  to  keep  the  epileptic  out  of  the  wet  and  dirt  during  the  attack. 
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In  the  clonic  stage,  some  epileptics  strike  with  their  hands  or  feet,  or 
even  their  heads  against  the  ground,  but  beyond  controlling  such  move- 
ments as  promise  harm,  the  convulsion  should  not  be  restrained.  After 
the  convulsion  the  clearing  out  of  the  throat  is  facilitated  by  turning 
the  head  on  one  side  or  lowering  it;  this  is  especially  important  if 
vomiting  has  occurred,  in  order  to  prevent  aspiration  of  foreign  matter 
into  the  lungs.  The  patient  should  not  be  allowed  to  pass  out  of 
observation  until  he  is  sleeping  qliietly  or  is  reasonably  himself  once 
more;  in  these  postepileptic  states  of  confusion,  the  patient  is  apt  to 
wander  away. 

Increased  frequency  of  seizures  divides  itself  into  two  groups — serial 
seizures  and  status  epilepticus.  The  former  consists  of  a  number  of 
seizures  which  come  at  intervals  markedly  shorter  than  normal  to 
the  individual  case,  and  are  accompanied  by  more  or  less  prostration. 
What  might  be  a  normal  frequency  for  one  case  might  constitute  a 
dangerous  series  in  another  case. 

Status  epilepticus  is  a  far  more  dangerous  condition  and  is  charac- 
terized by  practically  continuous  seizures — technically  there  should  be 
no  interval  between  the  individual  attacks,  but  one  should  merge  into 
the  next.  Two  dangers  associate  themselves  with  these  conditions, 
namely,  exhaustion  and  pulmonary  edema.  Stop  the  seizures  with  as 
little  drugging  as  possible,  but  stop  them.  This  should  constitute  our 
guide  in  the  treatment  of  these  conditions.  The  condition  of  the 
patient  when  first  seen  in  such  a  condition  is  some  index  as  to  where 
to  begin  our  treatment.  If  exhaustion  is  setting  in  it  probably  will 
be  w^se  to  use  a  powerful  sedative  at  once,  getting  the  seizures  under 
control  in  this  way,  to  give  time  to  attack  the  cause  of  the  condition. 

A  knowledge  of  the  individual  case  is  of  the  greatest  value  and  will 
often  save  valuable  time  which  might  otherwise  be  lost  in  trying  milder 
remedies.  In  cases  of  mild  series  or  status  the  condition  will  often 
respond  to  a  half-ounce  of  the  following  mixture,  per  rectum: 

— Chloral  hydrate    5.0  parts 


This  may  be  repeated  in  a  half-hour  if  it  does  not  prevent  further 
attacks  or  they  have  not  been  otherwise  stopped.  A  plain  enema 
should  always  be  given  to  start  with  and  should  be  repeated  at  frequent 
intervals  as  long  as  the  seizures  continue ;  this  cleaning  out  of  the  lower 
bowel  is  of  the  highest  importance  and  undoubtedly  will  of  itself  stop 
many  cases  of  seizures.  If  the  patient  can  swallow  it  is  well  to  start 
purgatives  by  the  mouth,  so  that  the  clearing  out  shall  be  as  complete 
as  possible.  The  hot  pack  is  another  simple  but  usually  quite  effectual 
remedy — one  cannot  ordinarily  wait  for  the  water  to  be  heated,  but 
where  the  materials  are  promptly  available  the  heat  may  control  the 
seizures.  If  enemas  and  packs  and  the  chloral  mixture  have  failed 
we  must  turn  to  chloroform,  giving  enough,  even  up  to  full  anesthesia, 
to  stop  the  seizures.    Cases  vary  very  much  in  their  requirements  as 


Potassium  bromide 
Aqua  .... 


6 . 6  parts 
ad.    100.0  parts 
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to  sedation.  With  some  the  first  whiffs  of  chloroform  are  sufficient  to 
stop  the  convulsions,  but  with  others  only  full  ane'^thesia  will  suffice. 
Occasionally  a  case  of  status  will  be  found  in  which  the  seizures  con- 
tinue in  spite  of  full  anesthesia.  It  may  be  noted  that  in  some  cases 
the  locking  of  the  respiratory  muscles  by  the  seizure  may  be  so  tense 
that  little  chloroform  can  be  inhaled;  in  such  instances  resort  may 
be  had  to  the  unusual  method  of  giving  the  chloroform  by  artificial 
respiration.  In  extreme  cases,  where  all  else  in  the  drug  line  fails, 
hyoscine  may  be  tried,  giving  yto"  grain  every  fifteen  minutes  up  to 
a  maximum  of  grain.  Naturally,  this  method  is  only  to  be  used  in 
extreme  instances  and  with  due  regard  to  the  condition  of  the  patient's 
heart;  hyoscine  is  a  dangerous  drug  unless  used  with  extreme  care. 

Just  as  we  have  pointed  out  in  connection  with  the  bromides  in  the 
routine  treatment  of  the  disease,  we  must  also  point  out  that  sedation 
in  the  emergencies  of  the  disease  is  a  palliative,  though  also  a  life-saving 
procedure.  While  sedation  carries  the  patient  over  the  first  part  of 
the  emergency  the  other  methods  mentioned  above,  hot  packs  and 
notably  clearing  out  the  bowels,  are  to  be  used  for  all  they  are  worth. 
The  hot  pack  is  probably  palliative,  but  the  evacuation  of  the  bowels 
is  distinctly  curative.  In  some  cases  along  with  the  enemas,  apomor- 
phine  may  be  given  to  clear  out  the  stomach.  Where  there  is  reason 
to  fear  recent  overindulgence  in  food  as  the  cause  of  the  condition 
this  is  especially  appropriate;  care  must  be  taken  that  aspiration  of 
the  vomitus  into  the  lungs  is  not  favored  by  the  position  of  the  head. 
Venesection  is  also  of  value  and  may  be  advantageously  combined 
with  the  administration  of  saline  solution  intravenously.  Continuous 
saline  administered  by  Murphy's  method  per  rectum  in  the  intervals 
between  enemas  will  also  be  of  value.  Lumbar  puncture  is  also 
recommended  in  obstinate  cases  of  status;  frequently  considerable  clear 
fluid  is  obtained. 

The  exhaustion  states  after  numerous  seizures  present  a  serious  danger 
to  life  and  require  careful  nursing;  rest  is  usually  the  best  remedy. 
Strychnine  may  be  given  to  stimulate  the  heart.  Salines  either  hypo- 
dermically  or  per  rectum  are  again  of  service. 

Pulmonary  Edema. — The  second  complication,  pulmonary  edema,  not 
only  often  follows  status  and  series  but  may  also  occur  after  isolated 
seizures — in  fact,  the  latter  is  the  most  fatal  form,  since  a  single  seizure 
does  not  attract  the  close  observation  of  the  patient  which  is  required 
by  serial  attacks  or  status.  Acute  pulmonary  edema  is  the  im- 
mediate cause  of  death  in  a  great  many  of  the  "found  dead"  cases 
among  epileptics;  as  said  before,  the  patient  may  drown  in  his  own 
secretions,  while  lying  quietl.y  on  his  back.  It  is  difficult  to  impress 
on  those  who  have  not  encountered  this  condition  its  true  seriousness; 
writers  on  the  general  subject  of  pulmonary  edema  mostly  fail  to  men- 
tion the  epileptic  variety,  while  writers  on  epilepsy  mostly  fail  to  regard 
it  as  other  than  a  curiosity.  To  those  who  have  seen  large  numbers 
of  cases,  pulmonary  edema  is  an  extremely  serious  and  fatal  condition. 

In  the  majority  of  cases  there  is  hypersecretion  of  mucus,  as 
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evidenced  by  the  froth  about  the  mouth ;  it  is  questionable  whether  this 
is  the  initial  stage  of  an  edema  of  the  hmgs,  for  the  edema  fluid  is  not 
mucoid  but  is  a  transudate  from  the  blood.  Autopsy  in  fatal  cases 
often  shows  congested  lungs  from  which  fluid  may  be  expressed  as 
from  a  sponge;  a  dilated  right  heart  is  a  usual  accompaniment. 

The  treatment  of  pulmonary  edema  is  best  prophylactic — stop  the 
attacks  as  promptly  as  possible.  Atropine  has  the  greatest  action  of 
any  drug  in  this  condition;  it  may  also  be  used  as  a  prophylactic,  where 
the  onset  of  the  edema  is  feared  or  where  it  is  observed  in  an  early 
stage.  After  the  condition  is  established,  mechanical  drainage  by  low- 
ering the  patient's  head  over  the  side  of  the  bed,  or  in  extreme  cases 
by  lifting  him  by  the  heels,  will  relieve  the  lungs  of  much  fluid  by 
gravitation.  Venesection  is  also  employed  and  will  relieve  the  congested 
veins.  Counterirritation  by  dry  cupping  is  also  of  value.  Oxygen 
should  be  administered  when  the  embarrassment  of  respiration  is 
great. 

Pneumonias  often  implant  themselves  on  the  favorable  soil  offered 
by  an  edematous  lung,  and  are  by  far  the  most  serious  of  the  non- 
epileptic  conditions  seen  in  epilepsy  and  are  the  chief  of  the  causes  of 
death.  The  treatment  of  these  pneumonias  is  not  within  the  scope 
of  this  article,  and. the  writer  will  only  point  out  the  seriousness  of  these 
conditions  and  the  probability  of  their  occurrence  through  exposure 
or  through  the  low^ered  resistance  of  the  pulmonary  tissues. 

The  acute  mental  states  which  occur  in  epilepsy  are  to  be  treated 
in  much  the  same  manner  as  are  the  convulsive  manifestations.  In 
no  case  should  the  individual  be  restrained,  either  mechanically  or 
chemicalh',  without  other  treatment.  A  hot  pack  or  continuous  hot 
bath  will  probably  quiet  most  cases;  in  the  simple  confusions  these 
are  not  ordinarily  necessary  as  close  observation  to  prevent  wandering 
away  will  suffice.  But  in  any  and  all  cases  eliminative  treatment 
must  be  promptly  instituted  and  persistently  continued,  even  for  two 
or  three  days,  unless  the  case  clears  up.  At  the  risk  of  being  regarded 
as  riding  a  hobby  the  writer  would  reiterate  the  effectiveness  of  intes- 
tinal evacuation  and  general  eliminative  measures  in  the  treatment 
of  epilepsy  in  all  its  phases.  The  whole  etiology  of  epilepsy  is  by  no 
means  contained  in  the  digestive  tract,  but  this  region  presents  a  very 
profitable  field  for  treatment. 

Cases  presenting  definite  and  prolonged  prodroma  are  of  importance 
and  are  to  be  here  considered.  Treatment  at  the  time  of  threatened 
attacks  can  by  no  means  replace  a  regular  daily  effort  toward  the 
betterment  of  the  case,  but  at  the  same  time  our  best  efforts  fail  and 
a  seizure  often  threatens.  Prodroma  in  the  form  of  motor  phenomena — 
myoclonic  movements — or  physic  manifestations — irritability,  anxiety, 
and  even  euphoria,  or  increasing  anesthesia  about  the  upper  trunk 
and  sometimes  head — all  point  out  to  the  experienced  observer  the 
approach  of  a  seizure.  Here,  as  elsewhere,  experience  has  shown  that 
the  thorough  clearing  out  of  the  alimentary  tract,  with  restricted  diet, 
is  better  treatment  than  sedation. 
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Improvement  will  follow  almost  any  change  in  the  treatment  of  the 
epileptic  and,  for  a  time,  the  new  line  of  therapeutics  will  seem  to 
be  very  successful;  in  the  course  of  a  longer  or  shorter  time,  however, 
the  patient  will  be  back  in  his  ordinary  condition  unless  the  treatment 
employed  has  genuinely  influenced  the  disease.  Attacks  of  the  infec- 
tious diseases  seem  to  exert  a  sort  of  favorable  influence,  and  often 
after  them  there  will  be  periods  of  freedom  from  attacks  of  varying 
duration.  We  do  not  understand  the  mechanism  of  these  improvements 
and  cannot  use  them  as  therapeutic  measures. 

Surgical  Treatment  of  the  Epilepsies. — Accidents  are  the  cause  of 
the  largest  part  of  the  minor  surgical  work  among  epileptics,  and  of  a 
good  deal  of  the  major  surgery  also.  Except  to  again  urge  the  continual 
observation  of  the  epileptic  in  order  that  he  may  not  expose  himself 
in  dangerous  places,  and  to  emphasize  the  seriousness  of  the  seizure 
and  its  attendant  unconsciousness  as  predisposing  to  serious  injury, 
the  treatment  of  accidents  among  epileptics  needs  no  special  discussion. 


Fig.  16 


Gross  anatomical  lesions  associated  with  epilepsy.    Tumor  of  temporosphenoidal  region. 

The  treatment  of  the  injuries  is  exactly  as  in  normal  people.  In  only 
one  way  is  special  precaution  necessary  beyond  ordinary  work;  it 
must  be  remembered  that  the  patient  may  have  an  attack  or  become 
confused  or  violent,  and  in  this  condition  tear  away  dressings  and  undo 
the  work  of  the  surgeon  before  the  natural  union  of  the  parts  is  suffi- 
ciently strong.  Both  the  closing  of  a  wound  with  stitches  and  the  dress- 
ings applied  should  be  strong  enough  to  withstand  considerable  strain. 

Surgery  plays  a  large  part  in  the  therapeutics  of  the  disease.  Almost 
every  conceivable  operation  has  been  recommended  and  performed 
on  epileptics  in  order  to  cure  the  disease.  Unfortunately,  in  many 
cases  discrimination  has  not  been  used  in  selecting  cases,  especially 
when  the  matter  is  considered  from  the  viewpoint  advocated  here 
that  there  are  many  difl'erent  epilepsies  and  that  epileptics  do  not 


Ficj.  I 


Gross  Anatomical  Lesions  Associated  with  Epilepsy:  Tumor. 


Fig.  2 


Gross  Anatomical  Lesions  Associated  with  Epilepsy:  Tumor. 
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by  any  means  represent  a  homocjeneoiis  material.  This  fundamental 
defect  is  seen  everywhere  in  connection  with  epilepsy,  and  can  hardly 
today  be  remedied  as  we  do  not  know  enough  about  the  kinds  of 
epilepsy  to  divide  them  properly. 

Surgical  intervention  in  epilepsy  is  based  on  one  or  another  of  the 
following  conceptions: 

1.  That  seizures  which  show  well-marked  focality  are  due  to  definite 
and  circumscribed  lesions  in  the  cortex,  which  can  be  removed  with  the 
knife.  This,  of  course,  includes  cases  of  epilepsy  arising  from  tumor  and 
from  trauma;  it  also  includes  a  number  of  cases  in  which  the  seizures 
are  limited  to  a  definite  muscle  group,  or  else  have  such  a  definite 
point  of  origin  that  an  assumption  of  a  focus  of  cortical  change  is 
justified. 

2.  Operations  for  the  relief  of  intracranial  pressure  by  simple 
decompression  or  by  fenestrating  the  dura. 

3.  Operations  on  parts  of  the  body  remote  from  the  brain,  with  a 
vieW'  to  removing  sources  of  peripheral  irritation. 

4.  Operations  designed  to  make  procreation  impossible.  The  dis- 
cussion of  these  will  be  deferred  to  the  section  on  eugenics. 

The  object  of  any  operation  in  epilepsy  must  be  to  remove  an  irri- 
tating pathological  condition  completely,  wdthout  the  formation  of  scar 
material  which  shall  continue  the  irritation. 

Operations  for  tumor  we  may  dismiss  with  only  a  word,  since  the 
principles  of  their  treatment  are  so  well  known.  Two  points  may  be 
emphasized,  however,  the  necessity  for  early  recognition  and  removal 
of  the  tumor  and  the  clear  understanding  that  removal  of  the  tumor 
may  not  cure  the  epilepsy;  a  tumor  causes  compression  and  displace- 
ment of  brain  tissue  with  resulting  disturbances  of  nutrition;  if  these 
have  been  prolonged,  chronic  changes  may  have  set  in  and  the  removal 
of  the  tumor  or  relief  of  the  pressure  cannot  be  expected  to  cure  the 
chronic  changes.  Too  positive  assurance  must  not  be  given  a  patient 
as  to  the  result  of  operation  for  tumor;  the  operation  should  be  done 
if  the  tumor  appears  at  all  operable,  but  cure  is  another  matter. 

Operations  in  traumatic  cases  are  mostly  open  to  one  serious  criticism 
— that  if  they  are  needed  at  all  the  proper  time  for  their  performance  is 
immediately  after  the  injury  or  at  least  before  the  patient  has  become 
epileptic.  The  operation  in  traumatic  cases  should  be  preventative 
rather  than  curative. 

In  deciding  the  question  of  operation  in  alleged  traumatic  cases 
it  is  not  alone  the  focality  of  the  seizures  which  should  be  considered, 
but  rather  the  whole  case.  In  the  first  place  the  diagnosis  of  traumatic 
epilepsy  is  often  to  be  seriously  questioned  or  modified;  there  are 
cases  where  the  trauma  appears  to  have  occurred  in  the  first  seizure; 
hereditary  factors  are  so  prominent  in  others  as  to  make  the  role  of  the 
trauma  of  importance  as  an  exciting  incident  rather  than  as  a  direct 
cause;  similarly,  alcoholism,  the  effects  of  infectious  disease,  etc.,  when 
present  are  to  be  regarded  as  modifying  the  prime  inij)()rtance  of  a 
trauma.    In  many  cases  the  alleged  accident  is  trivial  in  character 
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as  compared  with  the  supposed  effects,  and  sometimes  the  epilepsy 
does  not  follow  until  the  lapse  of  an  absurdly  loiig  time;  it  must  be 
remembered,  though,  that  the  repair  of  hemorrhages  or  of  encephalitis 
may  be  slow  and  that  the  resulting  repair  tissue  may  be  tardy  in  setting 
up  irritation.   Early  operation  is  important. 

Leaving  out  of  consideration  tumor  and  traumatic  cases  the  greatest 
conservatism  is  to  be  used  in  operating  with  the  expectation  of  finding 
focal  lesions.  In  a  long  series  of  autopsies,  about  250  personally 
performed  and  about  90  more  from  the  records  of  the  colony — the 
number  of  cases  in  which  pathological  focal  lesions  were  found  was 
very  small,  so  that  operations  on  these  cases  with  the  expectation  of 
removing  a  focus  of  pathological  change  would  have  been  largely  dis- 
appointing. The  excision  of  a  portion  of  the  cortex,  corresponding  to 
the  muscle  group  involved  sometimes  is  successful,  but  must  necessarily 
run  the  risk  of  leaving,  in  an  already  hypersusceptible  region,  a  scar 
which  may  continue  that  hypersusceptibility.  The  writer  inclines  to 
the  belief  that  the  origin  of  the  convulsion  in  definite  muscle  groups 
and  sometimes  the  limitation  of  the  seizure  to  such  a  group  is  rather 
due  to  the  low  threshold  for  the  activity  of  this  particular  group  of 
cells — a  lowered  resistance  to  noxious  stimuli — rather  than  to  actual 
demonstrable  pathological  change;  he  believes,  therefore,  that  opera- 
tion in  such  cases,  and  especially  in  those  cases  where  grand  mal 
seizures  continue  or  accompany  the  focal  attacks,  are  not  always 
justified. 

The  results  of  a  number  of  trephinings  have  been  shown  at  autopsy; 
technically  good  results  and  bad  had  alike  died  epileptic.  In  some  the 
amount  of  adhesion  and  even  cortical  atrophy  were  so  great  that  the 
operative  result  must  have  been  far  worse  than  the  original  state. 

Operation  for  Reduction  of  Intracranial  Pressure. — The  operations 
which  aim  to  reduce  the  intracranial  pressure  by  raising  a  bone  flap 
or  by  also  incising  the  dura  and  permitting  the  exit  of  fluid  are  better 
supported  by  findings  at  autops}^  Edema  of  the  subarachnoid  space 
is  very  commonly  present.  Localized  edemas  such  as  are  mentioned 
by  Alexander^  have  not  been  seen  either  at  autopsy  or  at  the  operation 
performed  at  the  colony.  The  amount  of  fluid  under  the  dura  and 
arachnoid  is  sometimes  very  considerable,  but  marked  signs  of  increased 
intracranial  tension  are  not  commonly  observed  in  epileptics  on  a  par 
with  those  of  tumor.  Gushing  finds  that  certain  changes  in  the  visual 
fields  for  colors  are  present  in  the  slighter  degrees  of  increased  intra- 
cranial tension,  and  these  may  be  of  valuable  diagnostic  aid  in  this 
condition. 

The  operation  consists  of  the  elevation  of  a  large  osteoplastic  flaj), 
usually  over  the  motor  and  adjacent  regions,  with  multiple  incisions 
through  the  dura  and  if  necessary  through  the  arachnoid,  care  being 
taken  not  to  cut  bloodvessels  in  the  latter.  As  much  fluid  as  possible 
is  allowed  to  drain  away,  after  which  the  dura  is  sutured  and  the  flap 
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returned  to  place.  Some  do  not  return  the  bony  flap,  hut  it  seems  un- 
desirable to  leave  exposed  so  large  an  area  of  brain  surface,  especially 
in  an  epileptic  who  may  at  any  time  fall  and  strike  this  particular  spot. 

These  operations  certainly  yield  some  results.  Part  of  this  improve- 
ment must  be  discounted  by  the  fact  that  "doing  something"  will 
bring  improvement  of  itself,  irrespective  of  what  is  done.  There  seem^, 
however,  to  be  some  benefit  conferred  by  the  drainage  operations. 
It  would  seem,  however,  that  if  drainage  be  the  object  that  some 
measure  shoukl  be  used  to  make  the  drainage  continuous;  the  incisions 
in  the  dura  soon  close  and  the  replaced  flap  knits  into  place.  The  repair 
tissue  may  have  a  higher  permeability  for  the  intracranial  fluid,  but 
this  seems  a  doubtful  reliance.  Operations  to  make  a  permanent  drain 
have  so  far  been  unsuccessful. 

It  seems  an  almost  unnecessary  precaution  to  point  out  that  the  brain 
is  a  delicate  structure  and  requires  exceedingly  delicate  manipulation, 
yet  the  writer  recalls  the  instance  of  a  man  who  reported  thrusting 
his  finger  through  the  cortex  into  the  lateral  ventricle.  The  brain 
is  not  to  be  abused.  It  is  the  object  in  operating  not  to  injure  it  but 
rather  to  conserve  it,  and  to  remove  the  effects  of  disease  rather  than 
produce  them. 

Operation  for  Removal  of  Peripheral  Irritation. — Operations  on  other 
parts  of  the  body  are  frequently  performed,  with  a  view  to  removing 
a  peripheral  irritation  which  is  having  an  unfortunate  influence  on  the 
case.  Naturally  it  is  a  good  general  principle  to  adhere  to  that  the 
individual  should  be  placed  in  the  best  possible  physical  condition, 
and  that  this  should  be  done  by  operation  if  necessary.  Peripheral 
causes  undoubtedly  play  some  role  in  isolated  cases  of  epilepsy.  Scars 
or  benign  tumors  of  the  skin  may  be  associated  with  the  aura ;  abdominal 
or  pelvic  adhesions  often  cause  great  distress  and  should  be  corrected. 
The  relation  of  adhesions  to  constipation  is  probably  of  importance; 
the  presence  of  Lane's  bands  and  Jackson's  veil  is  often  observed  in 
our  cases;  sagging  of  the  transverse  colon  and  angulation  of  the  sigmoid 
are  also  commonly  present.  Ear,  eye,  and  nose  conditions  have  already 
been  spoken  of.  Tonsils  and  "adenoids"  often  require  removal.  Cas- 
tration has  been  advised  in  both  sexes,  but  especially  in  w^omen,  on 
the  ground  that  there  was  a  definite  connection  between  an  increased 
number  of  seizures  and  the  menstrual  periods.  Removal  of  the  ovaries 
has  not  yielded  the  results  expected,  and  careful  observation  does  not 
seem  to  support  the  connection  between  the  menstrual  period  and  an 
increase  in  the  number  of  seizures.  Circumcision  in  both  sexes  has 
been  practised,  and  in  females  the  excision  of  the  clitoris  was  for  a 
time  strenuously  advocated.  None  of  these  operations  are  for  routine 
application;  the  needs  of  the  individual  case  must  always  be  con- 
sidered; and  while  in  selected  cases  the  operations  may  benefit,  their 
indiscriminate  application  will  cause  their  true  value  to  be  overlooked. 
As  far  as  masturbation  is  concerned  it  is  a  question  whether  it  is 
not  oftener  a  symptom  of  a  pathological  mental  state  than  it  is  of 
anatomical  conditions  requiring  intervention. 
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Surgery  alone  is  not  the  cure  for  the  epilepsies.  It  can  often  relieve 
one  of  the  quantities  which  enter  the  sum  of  causes  which  produces 
the  disease,  but  without  attention  to  the  other  aspects  of  the  case 
surgery  alone  will  not  cure.  Caution  must  be  used  lest  enthusiasm 
lead  to  premature  conclusions  as  to  arrest  of  the  disease.  From  a  year 
to  two  years  should  elapse  before  we  begin  to  talk  of  an  arrest. 

Institutional  Treatment. — The  general  requirements  of  the  successful 
treatment  of  the  epilepsies  are,  in  general,  early  and  careful  diagnosis; 
a  mode  of  life  which  combines  as  far  as  possible  the  best  of  hygiene 
with  the  best  of  medical  care;  discipline,  limitation  of  food,  both  as  to 
kind  and  variety,  work,  exercise,  all  enter  into  the  treatment. 

The  writer  believes  that  these  objects  are  almost  impossible  of  attain- 
ment in  the  average  home;  that  while  the  financial  aspect  of  providing 
the  treatment  is  not  always  serious  it  is  the  environment  of  the  case 
which  presents  the  most  serious  difficulties.  Either  from  ignorance 
or  from  mistaken  love  and  sympathy  for  the  patient  a  strict  observ- 
ance of  the  physicians'  orders  is  a  difficult  matter  in  the  average  home, 
especially  where  this  obedience  must  be  extended  over  a  period  of  m^onths 
and  perhaps  a  couple  of  years.  Relatives  will  rarely  properly  discipline 
the  members  of  their  family;  the  doctor  cannot  be  on  hand  at  all  times 
to  enforce  the  routine  of  treatment,  and  the  result  is  that  no  matter 
how  efficient  the  treatment  may  have  been  in  conception  the  execution 
has  completely  destroyed  its  efiiciency  and  the  patient  passes  into  the 
group  of  chronic  epileptics. 

We  have  already  discussed  the  results  of  the  disease  upon  the  earning 
power  and  general  social  relations  of  the  patient  and  have  pointed  out 
that  these  deteriorate  in  proportion  as  the  disease  advances.  The  mental 
status  of  the  patient  and  the  results  of  this  deterioration  on  his  personal 
habits  make  him  undesirable  in  the  home  and  difficult  to  endure  even 
there;  in  addition  he  is  a  financial  drain,  both  for  his  support  and  for 
the  medicines  he  consumes.  Lastly,  the  sexual  activities  of  the  epileptic 
at  home  are  uncontrolled. 

Based  on  the  social  and  economical  effects  of  the  disease,  as  well 
as  upon  the  superior  medical  benefits  accruing,  the  majority  of  those 
interested  in  this  class  of  dependents  are  advocating  the  treatment 
of  epileptics  in  public  institutions  built  for  epileptics  only  and  on  the 
plan  of  farm-colony  hospitals. 

History. — So  far  as  the  writer  can  learn  the  first  separate  care  of 
epileptics  was  undertaken  at  La  Force  in  Dordogne,  France,  not  far 
from  Bordeaux.^  John  Bost,  a  dissenting  Protestant  clergyman, 
founded  at  this  place,  through  his  own  personal  efforts,  six  houses  built 
between  the  years  1848  and  1881;  all  were  for  the  care  of  unfortu- 
nates, and  the  third  one  built  was  for  young  girls  who  were  epileptic. 
While  much  is  owed  to  John  Bost  for  simply  initiating  the  separate 
care  of  epileptics  we  really  owe  to  him  a  larger  debt  for  originating 
the  care  of  these  people  on  farms  in  the  country.    Working  from 
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religious  motives  he  incidentally  founded  a  system  which  has  proved 
of  the  utmost  value. 

From  the  school  for  Deacons  near  Hamburg,  Germany,  many  Home 
Mission  workers  have  been  sent  out,  and  from  their  labors,  among 
other  things,  have  grown  up  institutions  for  the  care  of  epileptics, 
notably  the  colony  near  Bielefeld. 

On  February  21,  ISGO,  some  people  in  Bielefeld  purchased  a  little 
farm-house  and  some  land.  Delayed  by  the  war  it  was  on  July  4,  1867, 
that  the  first  house-father  was  installed,  and  on  October  4  of  the  same 
year  that  the  first  four  epileptics  were  received.  General  Superintendent 
Wiessman  initiated  the  work  which  Pastor  von  Bodlschwingh  took  up 
in  1872  and  carried  on  until  his  death.  The  institution  at  Bielefeld 
has  grown  beyond  its  former  sphere  of  usefulness  in  caring  only  for 
epileptics  and  now  has  a  wider  field  of  activity.  Its  greatest  work  has 
been  the  inspiration  which  it  has  sent  throughout  the  world,  leading 
to  the  foundation  of  many  other  institutions  for  epileptics. 

The  institution  at  Bielefeld  has  been  the  prototype  after  which  all 
others  have  been  patterned;  an  extended  description  of  its  manifold 
activities — chief  of  which  is  making  a  place  for  the  epileptic  where  he 
can  be  useful  in  spite  of  his  disease — would  be  interesting,  but  would 
require  too  much  space.  Two  cardinal  features  must  be  mentioned, 
the  non-institutional  atmosphere  and  the  industrious  contentment  of 
the  inmates.    These  are  ideals  to  be  sought  in  every  similar  institution. 

Another  early  institution  for  epileptics,  which  made  no  imprint  on 
the  work,  was  founded  at  La  Treppe.  There  had  been  an  old  custom 
by  which  epileptics  came  to  this  place  each  May  and  September  to 
receive  from  the  Larnage  family  the  free  gift  of  a  remedy  made  from 
Galium  album.  In  1857  it  occurred  to  the  Compte  de  Larnage,  while 
continuing  the  free  gift  of  the  remedy,  to  found  an  institution  for  the 
maintenance  of  epileptics,  which  was  continued  under  the  charge  of 
a  Catholic  sisterhood. 

In  Germany  many  colonies  and  divisions  in  other  institutions  grew 
up  for  the  special  care  of  epileptics.  In  England  the  Maghull  Home 
(1889)  and  the  Meath  Home  (1893)  were  the  first;  there  are  now  several 
others,  notably  the  colony  at  Chalfont  St.  Peter,  which  is  main- 
tained by  the  National  Association  for  the  Employment  of  Epileptics; 
the  colony  of  the  London  County  Council,  near  Epsom;  at  Langho, 
Lancashire;  the  David  Lewis  Home  near  Alderley  Edge,  Cheshire, 
and  others. 

The  Ohio  State  Board  of  Charities  has  the  proud  distinction  of  having 
been  the  first  in  America  to  recognize  the  need  of  special  provision 
for  the  epileptic,  having  made  such  recommendation  as  early  as  1868. 
Its  efforts  bore  fruit  in  time,  and  on  August  7,  1893,  the  institution  at 
Gallipolis  was  opened,  the  first  in  America.  The  New  York  State 
Commissioner  in  Lunacy  advocated  the  matter  in  1874  and  in  1878 
the  State  Board  of  Charities  added  its  approval.  The  immediate 
efforts  of  two  men,  Dr.  Frederick  Peterson  and  the  late  Hon.  William 
Pryor  Letch  worth,  had  most  to  do  with  the  crystallization  of  sentiment 
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which  resulted  in  the  founding  of  the  Craig  Colony  for  epileptics; 
the  State  Charities'  Aid  Association  also  lent  v^iluable  aid.  The  first 
patient  was  admitted  January  27,  1895.  These  institutions  in  Ohio 
and  in  New  York  were  pioneers  in  the  work  in  this  country;  other 
States  have  followed,  and  now  New  York  has  a  second  institution  and 
Ohio  is  considering  of  another,  and  the  following  States  ha\  e  also  founded 
colonies:  Massachusetts,  New  Jersey,  Texas,  Kansas,  Indiana,  Virginia, 
Connecticut.  In  Pennsylvania  there  are  two  semi-private  charities  for 
the  epileptic,  and  in  Missouri  there  is  also  one.^ 

Institutional  Standards. — The  special  institution  for  the  epileptic  has 
to  meet  two  general  demands:  (1)  It  must  supply  the  expert  treat- 
ment and  the  proper  environment  to  make  that  treatment  effective — 
it  must  be  a  hospital;  (2)  it  must  receive  and  care  for  those  chronic 
epileptics  who  can  no  longer  support  themselves  or  who  can  no  longer 
be  kept  at  home.  There  are  thus  to  be  two  distinct  divisions  in  an 
ideal  institution  for  all  classes  of  epileptics — the  hospital  and  the 
custodial. 

The  institution  should  be  reserved  strictly  for  the  epileptic.  Expe- 
rience shows  that  it  is  not  practicable  or  desirable  to  treat  the  epileptic 
along  with  other  public  charges,  as  they  tend  to  clash  and  to  irritate 
one  another.  The  seizures  of  the  epileptic  are  vevy  disturbing  to 
the  non-epileptic  while  practically  unnoticed  by  the  other  epileptics. 
Institution  men  are  a  unit  as  to  the  advantage  of  removing  the 
epileptic  from  contact  with  other  State  charges,  and  report  that  where 
this  has  been  done  that  great  benefit  has  resulted  to  both  classes. 
The  epileptic  is  a  different  problem  in  many  ways  from  the  feeble- 
minded or  the  insane,  though  he  often  also  belongs  in  these  groups — a 
special  institution  best  subserves  the  interests  of  all. 

Eugenic  Factors. — The  proposition  of  caring  for  all  epileptics  is  one 
which  appeals  strongly  from  the  standpoint  of  eugenics,  but  which 
from  the  practical  standpoint  can  probably  never  be  realized.  Segrega- 
tion would  of  course  limit  the  ability  of  these  people  to  have  children. 
From  a  much  narrower  point  of  view — that  of  what  is  practicable — 
we  must  probably  limit  ourselves  to  caring  for  the  chronics  who  can 
no  longer  "float"  in  outside  life  and  to  treating  recent  cases.  It  is 
the  financial  side  of  the  question  which  makes  it  necessary  to  limit  the 
care  of  epileptics,  though  as  someone  has  remarked  it  is  in  the  end 
more  expensive  not  to  segregate  them  than  it  is  to  maintain  them  for 
life.  The  undertaking  would  be  very  great,  especially  Avhen  we  add 
to  them  the  number  of  the  feeble-minded  and  psychotic;  the  criminal, 
the  drunkard,  and  the  tramp  will  also  have  to  be  considered.  The 
lowest  estimates  assume  one  epileptic  in  each  thousand  of  population, 
and  of  these  at  least  a  quarter  can  no  longer  "float"  and  demand 
institutional  care,  and  another  quarter  (recent  cases)  should  be  receiving 

^  For  a  mass  of  valuable  data  as  to  the  care  of  epileptics  in  public  and  private 
institutions  throughout  the  world,  consult  Lcf  chworth:  The  Care  and  Treat nicnf 
of  Epileptics,  Putnam,  LS99;  Transactions  National  Association  for  the  Study  of 
Epilepsy,  vol.  i,  and  following  volumes. 
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hospital  care.  The  writer  is  an  advocate  of  public  care  for  every 
epileptic  for  whom  provision  can  be  made,  especially  in  view  of  the 
seo;re<i-ation  of  the  sexes  obtained. 

Objections.— There  are  certain  objections  to  such  a  course,  some  of 
which  will  be  briefly  stated: 

1.  The  stigma  of  having  been  colonized  or  having  a  relative  at  a 
colony  is  referred  to.  The  real  stigma  is  not  that  an  individual  is  an 
epileptic  or  that  he  is  receiving  treatment,  but  lies  rather  in  the  fact 
that  the  family  stock  or  the  patient's  life  is  such  that  epilepsy  has 
occurred.    Of  course,  this  would  not  apply  in  genuinely  traumatic  cases. 

2.  That  State  care  is  undesirable  paternalism,  relieving  parents  of  a 
responsibility  which  they  should  not  be  allowed  to  escape  easily. 

3.  The  effect  of  seeing  many  others  who  are  suffering  from  the  same 
disease  and  the  possibility  of  mimicry.  Mimicry  is  very  rare  and 
the  epileptic  is  usually  sympathetic,  with  other  epileptics,  and  is  not 
unpleasantly  influenced  by  their  seizures;  the  only  exception  might 
be  patients  of  high  mental  grade  who  perceive  the  downward  drift  of 
other  epileptics  and  fear  the  same  condition.  Such  cases  are  rather 
exceptional.  The  mental  dulling  which  accompanies  the  disease 
usually  prevents  such  comparisons. 

4.  It  is  urged  that  mild  cases  can  be  and  are  successfully  treated 
at  home;  that  colonization  or  hospitalization  will  make  the  general 
practitioner  and  family  physician  anxious  to  shift  his  responsibility, 
and  will  lead  him  to  be  careless  of  his  efforts  for  the  epileptic  at  home. 
Institutional  cases  and  the  conversation  of  physicians  seems  to  contro- 
vert this  claim.  The  patient  is  not  commonly  successfully  treated 
at  home,  at  least  from  a  curative  standpoint;  many  are  kept  along 
on  bromides  in  a  fairly  comfortable  condition,  but  these  soon  pass 
into  a  chronic  state.  The  difficulties  of  carrying  out  any  adequate 
treatment  at  home  make  it  almost  impossible  that  the  physician  do 
the  work  no  matter  how  well  he  is  instructed. 

Character  of  Institution. — A  few  points  in  institution  design  may  be 
mentioned.  Stiffness  and  uniformity  of  design  are  to  be  avoided  in 
colony  construction,  as  these  qualities  make  for  the  institutional 
atmosphere.  In  the  ideal  the  buildings  are  diverse  yet  harmonious 
and  scattered  about  in  such  a  way  as  to  reduce  to  the  minimum  the 
prison-like  regularity  seen  in  some  institutions.  The  writer  w^ill  not 
soon  forget  his  first  view  of  Bielefeld — it  was  the  impression  of 
an  ordinary  village  rather  than  that  of  an  institution.  Of  course, 
there  are  always  parts  of  an  institution  which  are  hard  to  disguise, 
yet  by  utilizing  the  natural  physical  characters  of  the  site  and  a 
suitable  diversity  of  design  much  can  be  done  in  this  direction. 
The  effort  should  be  made  to  create  the  impression  of  a  rambling 
country  village  in  which  a  modern  hospital,  shops,  etc.,  have  been 
built.  A  non-institutional  atmosphere  is  of  great  service  in  creating 
the  home-like  surrounflings  which  are  necessary  to  make  the  colony 
successful;  the  patients  must  be  contented,  and  they  will  be  more 
so  in  a  home-like  atmosphere. 
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The  colony  sliould  be  divided  into  two  main  divisions:  the  hospital 
division  and  the  "homes" — the  latter  term  being  preferred  to  "cus- 
todial." In  the  former,  cases  of  recent  onset  should  be  received  as 
soon  as  possible  after  their  disease  begins,  whether  infants  or  adults; 
they  should  remain  for  a  shorter  or  longer  time  according  to  the  case 
— probably  a  year  will  be  the  average,  so  that  the  capacity  of  this 
division  cannot  be  small.  It  should  be  equipped  in  every  way  as  a 
hospital,  mostly  for  medical  cases,  but  with  ample  provision  for  surgical 
work;  the  medical  and  nursing  force  should  be  numerous,  for  individ- 
ualization of  the  treatment  requires  a  plentiful  corps  of  workers.  The 
patients  in  this  division  should  work;  they  are  not  to  be  regarded  as 
invalids,  but  w^ork  is  to  be  assigned  as  part  of  the  treatment.  If  after 
thorough  trial  it  does  not  seem  possible  to  permanently  benefit  or 
cure  the  patient  he  should  leave  this  division  and  preferably  enter 
the  "homes;"  many  wall  probably  go  to  their  own  homes,  on  account 
of  lack  of  room  to  care  for  them.  In  these  "homes"  an  attempt  is 
to  be  made  to  make  a  little  social  system  suited  to  the  needs  of  the 
epileptic:  comfort,  work,  regularity  of  life,  amusement  and  religious 
facilities  must  all  be  provided.  The  village  must  be  complete.  Here 
the  epileptic  should  live,  working  his  maximum,  his  disease  curbed 
by  observation  and  treatment,  ending  their  days  in  the  "homes." 
Unless  the  attacks  are  actually  arrested  for  a  long  period  the  writer 
does  not  advocate  the  return  of  the  epileptic  to  the  outer  w^orld.  Such 
return  often  results  in  a  relapse,  and  there  is,  too,  the  serious  ques- 
tion whether  even  the  cured  epileptic  cannot  still  transmit  to  progeny 
the  hereditary  characters  which  make  defectives.  Rather  should  he 
remain  to  fill  a  useful  place  in  the  village. 

A  third  division  should  be  provided  for  the  cases  of  such  low  mental 
epileptic  grade  that  they  are  absolutely  hopeless.  Possibly  another 
building  or  division  might  be  used,  namely,  a  division  for  the  psychotics. 

Provision  must  also  be  made  for  the  tuberculous  epileptic.  It  appears 
that  the  epileptic  is  rather  sensitive  to  pulmonary  infection,  and  build- 
ings for  the  isolation  and  treatment  of  these  cases  should  be  erected. 
It  is  probable  that  the  frequent  slight  congestions  and  edemas  following 
seizures  create  a  soil  favorable  to  the  disease. 

Cost  of  Institutions. — While  institutions  for  epileptics  are  to  be  con- 
sidered in  the  main  as  either  medical  or  as  custodial,  it  must  not  be 
forgotten  that  they  are  also  to  be  labor  colonies.  The  cost  of  main- 
tenance in  an  institution  is  approximately  the  same  for  the  epileptic  and 
for  the  psychotic,  the  exact  figure  depending  on  the  system  of  charges 
and  deductions  used  in  the  book-keeping  of  the  institution ;  but  the  cost 
will  be  between  $175  and  $200  per  year  per  capita  under  favorable 
circumstances.  The  epileptic  cannot  be  made  self-supporting  or  at 
least  the  average  chronic  case  cannot;  it  is  because  of  this  that  he  seeks 
care.  He  can  rarely  do  a  normal  day's  work,  both  on  account  of  his 
seizures  and  because  of  the  mental  deterioration.  Nevertheless,  almost 
every  epileptic  may  contribute  more  or  less  labor,  the  value  of  which 
will  aid  in  reducing  the  gross  cost  of  his  maintenance.   Many  can  do 


TREATMENT 


261 


no  more  than  house  or  kitchen  work;  some  can  tlo  no  more  than, 
for  example,  push  a  floor  pohsher;  a  few  do  excellent  work  at  trades. 
Dr.  Spratling,  wlio  always  took  an  optimistic  view  of  epileptic  labor, 
placed  the  average  yearly  value  in  labor  of  institutional  epileptics  at 
$30.1 

In  connection  with  work  for  the  epileptic  W€  meet  again  the  varia- 
bility of  mood  already  mentioned  and  the  necessity  for  the  exercise 
of  tactful  and  comprehending  management.  It  seems  to  be  difficult 
for  many  patients  to  keep  steadily  at  work.  This  is  due  partly  to  their 
disease,  but  in  large  part  it  is  due  to  the  attitude  in  which  they  have 
been  encouraged  before  coming  to  the  colony.  They  come  to  look 
on  themselves  as  unfortunates,  so  much  to  be  pitied  that  society  owes 
them  maintenance.  This  is  a  wrong  attitude.  Sympathy  is  no  reason 
why,  because  an  individual  is  epileptic  or  defective,  he  should  be  sup- 
ported in  comfortable  idleness  as  a  guest  of  the  State.  While  the  epi- 
leptic is  to  some  extent  an  invalid  he  is  usually  fairly  robust  physically 
and  capable  of  some  work.  The  charity  of  our  institutions  is  abused 
because  public  sentiment  regards  the  epileptic  as  an  invalid  and  unfit 
to  work;  the  institutions  can  neither  require  work  nor  successfully 
dispose  of  what  product  they  have  on  account  of  legal  restrictions. 

A  few  words  may  be  added  as  to  some  of  the  physical  characters 
of  the  buildings  to  be  erected.  The  site  of  the  colony  should  be  suffi- 
ciently isolated  so  that  the  patients  will  not  have  easy  access  to  a  town ; 
but,  on  the  other  hand,  there  must  be  transportation  by  which  the 
employees  may  get  away  without-  too  great  difficulty.  The  buildings 
must  be  built  with  the  seizures  of  the  disease  in  view;  corners  should 
be  rounded,  stairs  moderate  in  slope  and  with  high  rails,  and  no  long 
flights.  All  hot  pipes  and  fires  should  be  adequately  protected,  and  the 
screening  must  be  far  enough  away  from  the  piping  so  that  the  fingers 
cannot  be  thrust  through  to  the  hot  surface.  The  setting  of  the  kitchen 
stove  in  a  recess  which  just  fits  it  greatly  reduces  the  possibilities  of 
injury.  The  higher  the  mental  grade  of  the  patients  the  smaller  the 
building  in  which  they  should  live — 20  high-grade  and  50  low-grade 
cases  represent  the  extremes.  In  the  buildings  for  the  "hospital" 
cases  there  must  be  provision  made  for  treatment  rooms  or  for 
easy  access  to  such  rooms;  it  is  not  perhaps  necessary  that  the  "hos- 
pital" division  be  constructed  after  ordinary  general  hospital  plans,  but 
rather  the  convenience  of  the  general  hospital  arrangements  should 
be  combined  with  the  comforts  of  small  cottages.  A  hospital  building 
for  acute  and  for  surgical  cases  is,  of  course,  necessary,  and  similarly 
there  should  also  be  a  building  for  the  mentally  disturbed. 

Scope  of  Institutions. — There  is  some  difference  of  opinion  as  to  the 
scope  which  an  institution  for  epileptics  should  have.  Personally, 

'  Based  on  the  average  daily  population  for  the  past  fiscal  year  the  home  product 
of  the  Craig  Colony  was  worth  botwcon  $47  and  $48  per  capita.  This  amount  is 
gross  and  will  be  reduced  by  the  charges  for  supervision,  etc.;  but  it  also  represents 
the  average  on  all  the  patients,  a  considerable  proportion  of  whom  are  of  such  mental 
grade  as  to  be  non-productive. 
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the  writer  believes  that  by  utilizing?  advantageously  the  conformation 
of  the  site,  divisions  for  the  curable,  for  the  custodial  (homes  and 
custodial  proper),  and  for  the  psychoses  can  be  profitable  included  in 
one  institution.  The  ol)jections  to  such  a  combined  institution  which 
are  raised  are  largely  inoperative,  and  the  transition  of  our  cases  from 
normal  to  psychotic  or  demented  makes  the  composite  institution  very 
desirable. 

To  sum  up:  the  difficulties  of  home  treatment,  the  handicap  which 
the  patient  has  to  meet  in  self-support,  and  the  advantages  which  he 
can  receive  in  an  institution  make  institutional  treatment  of  the  dis- 
ease most  desirable. 

Legal  Status. — The  epilepsies  are  important  medico-legal  conditions, 
as  the  mental  states  and  mental  deficiencies  which  accompany  them 
sometimes  bring  the  epileptic  into  the  hands  of  the  law. 

Criminal  acts  are  not  uncommonly  committed  by  epileptics,  and 
these  acts  may  be  classed  in  two  groups: 

1.  Acts  done  within  the  interparoxysmal  period.  In  these  cases, 
there  is  no  question  of  a  dimmed  mental  state  or  of  automatism;  the 
whole  question  legally,  in  New  York  State  at  least,  is  whether  the 
individual  is  mentally  capable  of  understanding  the  nature  and  quality 
of  his  act.  From  this  standpoint  the  determination  of  the  amount  of 
mental  defect  is  of  great  importance.  The  methods  have  been  hinted 
at  earlier  in  this  article;  it  is  a  difficult  matter  to  make  a  jury  accept 
the  estimate  placed  on  an  accused  by  means  of  scientific  testing, 
especially  if  the  accused  has  been  able  partly  to  support  himself.  The 
work  of  the  juvenile  courts  shows  that  the  juvenile  delinquent  is  com- 
monly a  defective ;  that  these  children  lack  the  mental  capacity  to  know 
that  a  given  act  is  right  or  wrong.  The  same  is  true  of  a  great  number 
of  epileptics  and  the  offences  they  commit  in  the  interparoxysmal 
period;  their  minds  are  so  enfeebled  that  there  is  nothing  to  properly 
curb  them  in  carrying  out  their  desires  or  the  suggestions  of  others. 
For  acts  of  this  sort  one  does  not  think  of  punishment  but  rather  of 
training  in  right  and  wrong,  together  with  a  restraint  which  will  make 
their  uncontrolled  actions  less  dangerous. 

2.  Numerous  states  of  altered  consciousness  occur  in  epileptics,  in 
which  they  are  more  or  less  completely  unconscious  of  what  they  are 
doing;  acts  done  in  these  states  of  unconsciousness  or  automatism 
are  usually  characterized  by  violence.  The  ex-istence  of  such  states  is 
not  infrequently  raised  as  a  defence  in  cases  of  crime;  the  epileptic 
alleges  that  the  act  of  which  he  is  accused — and  in  these  cases  the 
question  of  the  truth  of  the  charge  is  not  usually  so  much  in  dispute 
as  is  the  responsibility  of  the  accused — was  committed  while  he  was 
in  a  state  of  epileptic  automatism,  furore,  somnambulism,  etc.,  that 
he  was  acting,  involuntarily,  unreasoniiigly,  unconsciously,  and  could 
therefore  have  no  knowledge  of  the  nature  and  quality  of  his  act;  his 
normal  conscious  jjersonality  was  completely  in  abeyance,  and  no 
recollection  of  the  occurrence  has  persisted. 

In  an  instance  which  fell  under  the  observation  of  the  writer  the 
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patient  D.  had  had  a  mild  seizure  a  few  minutes  before  he  was  noticed 
by  an  employee  K.  standing  at  the  hitter's  elbow  in  a  threatening 
manner.  K.  recognized  the  situation  and  walked  away  in  order  to 
avoid  trouble,  but  the  patient  followed  him  in  absolute  silence  and  his 
threatening  manner  suggested  cold,  set  purpose;  the  most  noticeable 
features  were  the  staring  eyes  and  set  expression.  Had  this  patient 
had  a  weapon,  or  had  the  employee  offered  any  resistence,  a  tragedy 
would  ha\e  been  likely.  In  the  retreat  of  the  employee  he  crossed 
a  railroad  track,  and  the  patient  in  following  tripped  and  fell  and 
afterward  stopped  the  pursuit.  A  few  minutes  later  he  denied  all 
recollection  of  the  incident  and  was  very  sorry  that  it  had  happened. 
To  the  casual  observer  the  patient  was  simply  a  man  in  an  uncontrol- 
lable rage,  one  of  the  terrible  cold  passions  which  affect  some  people. 
He  acted  in  every  way  in  a  normal  and  coordinated  manner,  and  only 
the  set,  staring  of  the  eyes  were  noticeable  to  the  close  observer. 

These  actions  performed  in  the  automatic  state  or  state  of  epileptic 
unconsciousness  are  marked  by  some  variation  from  the  actions  of  a 
conscious  individual  in  the  same  position.  They  are  usually  unreason- 
able, either  through  the  inappropriateness  of  the  action  at  the  time  and 
place  at  which  it  is  done  or  through  the  quality  of  sudden  and  excessive 
violence.  The  absence  of  the  normal  directing  and  inhibiting  powers 
are  seen  in  all  these  conditions — the  individual  works  as  a  machine 
would  work  which  had  been  wound  up  and  set  going.  In  some  of  these 
conditions  the  sexual  element  is  uppermost,  as  in  the  case  of  exliibi- 
tionism.  The  occurrence  of  the  automatic  state  cannot  be  predicted; 
some  epileptics  always  have  them  after  seizures,  while  in  others  they 
are  rare  or  may  never  have  been  observed  until  the  incident  in  ques- 
tion calls  the  matter  to  notice.  They  constitute  a  very  important 
argument  for  the  close  observation  of  epileptics,  and  are  one  of  the 
ways  in  which  the  epileptic  is  dangerous. 

Amnesia  generally  follows  these  states,  and  by  some  the  completeness 
of  the  loss  of  memory  for  the  automatic  period  is  a  proof  of  the  epileptic 
character  of  the  condition ;  these  observers  believe  that  the  memories 
of  the  automatic  period  cannot  be  recovered  by  any  means  now  at 
our  command — in  fact,  they  mostly  assume  that  they  are  totally  lost. 
This  is  used  as  a  distinction  between  epileptic  and  alcoholic  amnesias, 
memories  in  the  latter  being  recoverable.  It  seems  very  probable  that 
it  is  extremely,  difficult  and  probably  impossible  to  reconstruct  the 
memories  of  the  amnesic  period. 

These  amnesic  periods  are  frequently  the  defence  offered  to  avoid 
responsibility  for  a  criminal  act.  It  is  difficult  to  prove  or  to  disprove 
such  a  contention,  since  it  is  very  rarely  that  the  alleged  mental  state 
of  the  accused  comes  directly  under  observation,  and  we  rather  have 
to  consider  inflirect  evidence  of  the  probability  of  an  automatic  state 
having  existed.  The  accused  must  be  shown  to  be  an  epileptic,  and  his 
seizures  should  be  observed  if  possible  by  experts;  where  the  history 
of  seizures  is  not  clearly  obtainable,  evidence  of  nocturnal  attacks  or 
"spells"  of  any  sort  should  be  sought  for,  but  not  by  leading  questions. 
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Evidence  of  a  neuropathic  heredity  is  of  some  value,  but  is  not  of  the 
importance  usually  given  it.  Scars  and  recent  vounds  which  cannot 
be  accounted  for  as  being  the  results  of  ordinary  accidents,  etc., 
support  the  idea  of  a  seizure,  and  if  the  accused  is  seen  soon  after 
the  automatic  state  he  should  also  be  examined  for  the  petechial 
hemorrhages  which  sometimes  are  found  about  the  neck  and  shoulders 
and  conjunctivae  of  patients  after  seizure;  for  signs  of  pulmonary  edema; 
and  the  clothes  should  be  examined  to  ascertain  if  he  has  wet  or  soiled 
himself.  If  sleeping  at  the  beginning  of  the  automatic  state  the  bed 
should  be  examined  for  any  signs  of  seizure — urination,  defecation, 
flow  of  mucus  or  blood-stained  fluid  fron  the  mouth.  A  seizure  need 
not  be  established  as  preceding  the  automatic  state;  it  seems  probable 
that  such  states  can  occur  without  any  seizure  or  may  be  preceded 
by  a  seizure  so  slight  that  it  is  not  noticed. 

The  motiveless  nature  of  the  act  and  the  excessive  violence  which 
is  done  are  additional  stigmas  of  the  epileptic  state. 

It  is  to  be  recalled  that  along  with  epilepsy  there  also  occur  psychoses, 
and  that  under  the  influence  of  these  conditions  criminal  ar-ts  may  be 
done.  Similarl}^,  feeble-mindedness  is  sometimes  associated  with  fits  of 
violent  rage;  but  of  these  periods  there  is  usuall,y  recollection. 

The  relation  of  epilepsy  to  the  ability  to  execute  a  valid  will  depends 
on  the  status  of  the  patient  at  the  time  of  the  execution  of  the  docu- 
ment. It  would  have  to  be  shown  that  the  individual  was  in  his 
ordinary  mental  state,  and  that  he  was  neither  sufficiently  dulled  by 
dementia  nor  primary  feeble-mindedness  nor  distorted  by  a  psychosis 
to  render  him  incapable  of  disposing  of  his  property.  As  has  been 
said,  practically  all  epileptics  show  some  mental  defect,  but  the  degree 
varies  greatly  in  different  cases.  The  fact  of  epilepsy  should  not 
directly  influence  testamentary  power  unless  the  epileptic  were  at  the 
time  confused  or  automatic,  mentally  deficient  or  in  a  psychosis. 

The  status  of  the  epileptic  in  our  institutions  is  not  sufficiently  w-ell 
established.  The  ordinary  epileptic,  while  at  times  subject  to  mental 
disturbances  which  make  him,  from  a  practical  standpoint,  at  those 
times  insane,  is  not  insane  in  the  ordinary  sense,  and  the  normal  periods 
are  so  long  in  comparison  to  the  abnormal  that  it  is  an  injustice  to  him 
to  commit  him  to  a  State  hospital.  In  fact,  many  State  hospitals  will 
not  accept  such  cases.  Similarly,  the  epileptic  who  is  markedly  feeble- 
minded will  not  be  accepted  by  many  of  the  homes  for  the  feeble- 
minded, so  that  he  occupies  a  position  which  is  ill-defined  unless  there 
is  a  special  institution  open  to  him.  In  some  institutions  for  epileptics 
the  residence  of  the  patient  is  more  or  less  voluntary — in  some  States 
he  is  committed — ^but  there  is  usually  far  less  control  of  him  than  there 
is  of  the  insane.  The  writer  adheres  very  strongly  to  the  belief  that 
it  is  best  for  the  patient  and  for  the  public  that  he  be  withdrawn  from 
the  world  at  large  and  be  committed  to  a  colony,  at  least  until  he  is 
cured.  At  present,  patients  grow  homesick  and  persuade  their  rela- 
tives to  withdraw  them,  often  before  institutional  life  and  treatment 
have  had  a  sufficient  trial. 


TREATMENT 


265 


It  should  be  made  legally  possible' to  commit  an  epileptic  to  a  colony 
under  such  provisions  as  will  insure  his  remaining  there  long  enough 
to  profit  by  the  care  given  him;  in  the  case  of  the  insane,  the  feeble- 
minded, and  those  showing  undue  sexual  tendencies  the  confinement 
should  be  for  life.  The  latter  is  especially  desirable  in  the  case  of 
women  of  such  low  mentality  as  to  make  them  defenceless  and  immoral. 

The  Symptomatic  Epilepsies. — In  the  preceding  pages  we  have 
discussed  methods  of  treatment  applicable  to  all  kinds  of  epilepsy, 
methods  which  are  suitable  on  account  of  the  common  characteristics 
of  the  syndrome  in  all  cases  of  whatever  kind.  These  measures  are 
practically  the  only  ones  available  in  the  group  of  cases  in  which  we 
cannot  recognize  some  obvious  cause;  it  must  not  be  forgotten  that 
we  have  assumed  that  all  epilepsies  are  symptomatic,  but  that  in 
the  unclassified  or  idiopathic  group  we  are  unable  to  name  the  main 
causative  agent. 

Even  in  the  symptomatic  epilepsies  the  condition  is  probably  the 
result  of  a  summation  of  etiological  agencies — that  the  obvious  one 
is  only  the  most  important  of  several.  Naturally  it  would  seem  that 
such  cases  should  be  much  more  hopeful,  since  we  have  something 
tangible  to  work  on.  However,  most  of  the  things  which  cause  epilepsy 
also  cause  chronic  changes  in  the  central  nervous  system,  and  it  is 
perhaps  an  open  question  whether  it  is  the  action  of  the  agent  directly 
on  the  cells  or  the  result  of  these  chronic  changes  which  causes  the 
epilepsy.  The  great  field  for  endeavor  in  the  epilepsies,  as  in  all  other 
diseases  today,  lies  in  prophylaxis;  and  the  group  of  the  symptomatic 
epilepsies  offers  the  best  field  for  this  sort  of  eflfort. 

Too  much  is  not  to  be  expected  from  late  treatment,  nor  can  the 
treatment  be  confined  to  any  one  line  even  in  these  symptomatic  cases; 
we  have  to  reach  not  only  the  obvious  but  also  the  adjuvant  causes 
which  lead  to  the  seizures.  The  later  treatment  is  begun,  and  the  nar- 
rower it  is  the  less  is  the  hope  for  ultimate  cure  or  improvement. 

Syphilitic  Epilepsies. — Syphilitic  epilepsies  are  perhaps  not  so  common 
as  is  sometimes  supposed.  The  lesions  seem  to  be  varied:  gumma 
of  the  brain;  vascular  weakening  and  rupture,  giving  postapoplectic 
cases;  endarteritis,  with  degeneration  of  the  central  nerve  cells;  and 
lastly,  the  action  of  the  poisons  of  the  disease  directly  on  the  nerve 
cells.  The  desirability  of  early  diagnosis  and  treatment  of  syphilis 
as  a  prophylactic  measure  need  not  be  mentioned;  fortunately,  the 
Wassermann  reaction  places  in  our  hands  an  accurate  diagnostic  method 
which  permits  an  early  diagnosis.  Of  the  treatment  of  the  syphilis 
nothing  need  be  said  here,  except  that  it  should  be  prompt  and  energetic 
and  continued. 

In  salvarsan,  with  its  prompt  action,  we  may  have  an  ideal  weapon 
for  combating  syphilitic  conditions  of  recent  onset.  Ehrlich  has  given 
as  a  contraindication  chronic  nervous  disease,  but  in  a  few  cases  of 
epilepsy  treated  with  it  at  the  colony  no  harm  has  apparently  been 
done,  and  one  case  was  slightly  benefited.  All  were  old  cases  and  rather 
unfavorable  subjects  for  experiment.    The  warning  against  the  use 
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of  salvarsan  in  cases  having  renal  conditions  may  have  special  applica- 
tion in  ei)ilepsy.  Chronic  changes  seem  to  be  quite  common  in  the 
kidney  of  epileptics;  in  general  these  do  not  produce  symptoms,  \n\t 
in  about  20  j)er  cent,  of  all  cases  there  are  found  casts  and  albumin 
in  the  urine  passed  shortly  after  a  seizure.  The  urine  .should  therefore 
be  especially  carefully  examined  in  epileptic  patients  before  giving 
salvarsan.    (See  Chapter  VII.) 

Traumatic  Epilepsies. — In  no  condition  do  the  truths  expressed  in 
the  equation  to  epilepsy  show  more  completely  than  in  the  traumatic 
epilepsies,  or  at  least  in  the  group  of  cases  which  are  so  classed.  A 
purely  traumatic  case  is  a  rarity— almost  always  there  will  be  found 
an  admixture  of  heredity,  alcohol,  sexual  excesses,  or  the  effects  of 
some  infectious  disease.  The  necessity  of  a  critical  diagnosis  has  already 
been  pointed  out  in  connection  with  the  surgical  treatment  of  the  dis- 
ease. The  importance  of  early  operation  may  be  again  emphasized — 
that  in  every  case  where  there  are  signs  of  fracture  or  hemorrhage, 
of  pressure  or  of  irritation,  prompt  surgical  intervention  is  indicated. 
This  constitutes  a  prophylactic  measure  against  epileps}',  and  should 
be  carried  out  rather  than  to  wait  until  the  epilepsy  is  established  and 
possibly  irreparable  damage  done  to  the  brain.  On  the  other  hand, 
after  the  disease  is  established,  conservatism  in  advising  operation  is 
desirable.  Simply  because  a  patient  or  his  friends  say  that  he  some- 
time fell  and  hit  his  head  preceding  the  onset  of  the  disease  does  not 
make  the  condition  necessarily  a  traumatic  one;  there  must  be  corro- 
borative evidence,  and  the  other  factors  present  must  not  be  of  such 
magnitude  as  to  warrant  the  idea  that  the  trauma  was  perhaps  only 
a  "last  straw."  In  these  late  cases  the  possibihty  of  improvement  by 
operation  must  be  balanced  against  the  possibility  of  finding  exten- 
sive chronic  changes,  and  of  the  formation  of  postoperative  scars  and 
adhesions  which  will  undo  the  work  of  the  operation. 

Alcohol  and  Epilepsy. — Alcohol  seems  to  have  in  many  cases  an  almost 
specific  action  on  the  nervous  system  of  some  people,  manifesting 
itself  as  convulsive  activit}^  In  this  class  of  cases  no  seizure  occurs 
if  the  individual  remains  an  abstainer,  but  so  soon  as  he  indulges  a 
seizure  is  the  prompt  reaction.  For  these  cases,  institutional  life  is  of 
the  greatest  value  because  of  the  associated  discipHne;  these  people 
lack  the  will  power  to  prevent  indulgence  when  living  outside,  but  the 
discipline  of  the  institution  steadies  them  sufficiently  to  keep  them 
straight.  In  these  cases  alcohol  is  either  directly  or  indirectly  a 
specific  poison. 

Another  group  of  patients  are  chronic  alcoholics.  They  have  been 
drinking  for  a  longer  or  shorter  time  and  are  thoroughly  accustomed 
to  tlie  alcohol.  Their  epilepsy  usually  develops  late  in  life  (at  least 
middle  age)  and  is  not  always  accompanied  by  the  cardio-renal-vascular 
lesions  which  might  be  expected.  It  is  probable  that  we  have  to  deal 
with  a  chronic  alcoholic  poisoning  of  the  nerve  cells,  which  has  produced 
the  epilepsy.  For  these  conditions  there  is  not  much  hope  of  cure 
unless  the  condition  is  very  markedly  the  result  of  other  factors  added 


\ 


TREATMENT 


267 


to  the  alcohol.  Abstinence  from  all  alcoholic  drinks  and  the  general 
hygienic  treatment  which  we  have  described  is  about  all  that  can  be 
done  for  these  cases. 

Birth  Injuries  and  Epilepsy.— There  are  a  number  of  epilepsies  which 
are  the  late  symptoms  of  damage  done  by  birth  injuries,  infantile 
cerebral  palsies,  encephalitis,  or  meningitis,  and  which  are  generally 
accompanied  by  signs  of  the  destruction  of  some  portion  of  the  cerebral 
cortex,  as  indicated  by  a  hemiplegia,  etc.  Birth  injuries  are  probably 
to  some  extent  pre\  entable,  the  remedy  consisting  in  the  better  teach- 
ing of  obstetrics,  so  that  better  diagnosis  and  treatment  of  the  abnor- 
malities of  labor  may  reduce  the  number  of  injuries.  Gushing,  of  Bal- 
timore, has  advised  operation  in  such  cases  soon  after  birth  and  reported 
a  mortality  of  50  per  cent.  The  present  trend  of  opinion  seems  some- 
what against  such  intervention  on  account  of  the  fact  that  the  injury 
is  generally  not  merely  one  large  clot,  but  in  addition  other  smaller 
foci  are  present  which  cannot  possibly  be  reached  by  the  knife.  On 
the  other  hand  to  contemplate  the  fate  of  the  weaklings  which  survive 
■without  operation — paralytics,  imbeciles,  and  idiots — makes  it  seem 
desirable  to  take  the  radical  course  of  trying  to  do  something  for 
most  of  the  birth  injuries,  especially  when  one-sided  and  somewhat 
localized. 

Infectious  Diseases  and  Epilepsy. — The  onset  of  the  disease  is  frequently 
attributed  to  an  infectious  disease,  which,  while  perhaps  not  directly 
know^n  to  have  been  accompanied  by  a  meningitis  or  an  encephalitis, 
nevertheless  w'as  really  thus  accompanied.  The  results  of  the  repair 
of  these  inflammatory  conditions  gradually  become  centres  of  irritation 
from  which  the  stimulus  to  convulsion  extends.  The  prognosis  in  these 
cases  is  poor  for  cure — the  damage  is  done — but  general  treatment 
should  bring  improvement.  In  addition  to  inflammatory  processes, 
hemorrhages,  both  due  to  violence — as  from  coughing  in  pertussis — 
or  from  injury  of  the  vascular  endothelium  by  the  poisons  of  the 
disease,  must  be  mentioned. 

In  institutional  experience,  lead  seems  to  be  a  rare  etiological  factor 
or  at  least  one  which  is  not  often  recognized.  Where  epilepsy  follow's 
lead  poisoning— probably  as  the  result  of  an  encephalitic  process- — w^e 
can  only  attempt  to  eliminate  the  lead  and  to  keep  the  individual  in 
hygienic  surroundings. 

Cardiac  Disease  and  Epilepsy — The  cardiorenal  vascular  complexes 
seem  to  have  numerous  representatives  among  the  cases  with  onset 
in  later  life.  Arteriosclerosis  is  not  uncommonly  the  apparent  cause 
of  epileptic  attacks,  occasionally  through  the  irritation  of  hemorrhages, 
but  more  often,  as  judged  by  autopsy  findings,  from  starvation  of  the 
nerve  cells.  When  the  arteriosclerosis  is  accompanied  by  high  blood 
pressures,  usually  through  the  addition  of  a  renal  condition  to  the 
complex,  we  have  a  great  (leal  which  can  be  done  for  the  patient.  Rest 
and  reduced  nutrition,  salt  starvation,  iodides;  a  little  nitrite  if  the 
bhxxl  pressure  is  very  high;  hydrotherapy;  but  quiet  and  rest  are  what 
we  have  mainly  to  rely  on. 
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There  was  a  time  when  cardiac  epilepsies  were  considered  a  definite 
etiological  group,  but  at  present  this  is  not  the  case  unless  one  con- 
siders the  seizures  of  Adams-Stokes  disease  to  be  epileptic  in  character. 
.These  are  due  to  cardiac  asystole  and  consequent  cerebral  anemia, 
and  it  is  probable  that  those  cases  of  epilepsy  in  which  complete  cessa- 
tion of  the  pulse  has  been  observed  preceding  seizure  belong  to  the 
Stokes-Adams  syndrome. 

Prophylaxis. — It  will  be  seen  that  in  many  of  our  cases  from  the 
very  nature  of  the  processes  involved,  we  are  hopeless  of  cure  from  the 
very  beginning.  In  others,  where  there  may  be  hope,  we  are  commonly 
handicapped  by  having  to  deal  with  conditions  which  have  been  estab- 
lished for  a  considerable  time.  Occasionally  cure,  and  in  most  cases 
improvement,  both  medically  speaking  and  as  regards  the  manner  of 
life  of  the  individual,  sums  up  what  we  can  do  for  the  epileptic.  No 
matter  what  the  future  may  show  as  to  the  etiology  or  mechanism 
of  epilepsy  it  is  not  probable  that  we  shall  be  able  to  restore  what 
the  confirmed  epileptic  has  lost  or  to  repair  the  damage  which  in 
some  cases  has  caused  the  epilepsy.  Two  things  we  can  do,  how- 
ever: (1)  Give  early  and  efficient  treatment  to  the  already  epileptic, 
and  (2)  prevent  epilepsy  and  epileptics. 

Prevention  is  the  keynote  of  modern  medicine.  It  has  long  been 
sounded  in  the  infectious  diseases,  and  it  has  begun  to  be  heard  of  in 
regard  to  the  cardio-renal-vascular  conditions,  in  psychiatry,  in  feeble- 
mindedness. It  is  time  that  a  persistent  effort  is  made  to  study  the 
prevention  of  epilepsy. 

Heredity. — Eugenics  presents  itself  to  us  first  of  all  in  considering 
the  question  of  prevention  on  account  of  the  strongly  rooted  belief 
that  epilepsy  is  hereditary.  We  must  not,  however,  limit  ourselves 
to  producing  a  race  of  normal  heredity;  it  must  also  be  kept  in  this 
condition,  so  that  in  addition  to  our  seeking  to  insure  the  birth  of 
children  of  normal  heredity  we  have  also  to  consider  the  removal  of 
all  the  noxious  influences  which  may  enter  into  human  environment. 
The  prophylaxis  of  epilepsy  and  eugenics  is  not  identical,  but  the 
former  includes  the  latter. 

Naturally,  as  the  neuropathic  heredity  of  our  epileptic  patients 
presents  itself  in  a  numerically  striking  manner,  we  seek  in  eugenics 
an  important  agency  for  its  restriction.  When  we  investigate  the 
foundation  for  this  belief  in  the  hereditary  character  of  epilepsy  we 
find  that  the  various  authors  who  have  presented  data  vary  very 
much  in  the  conditions  included  and  in  the  percentages  reported;  if 
we  consider  what  manner  of  material  has  been  used  as  the  basis  of  these 
reports  we  shall  feel  less  confidence  than  ever  in  their  value.  The  data 
has  been  mostly  drawn  from  the  records  of  institutional  cases,  and  until 
recently  the  defects  and  general  worthlessness  of  the  heredity  as 
recorded  in  such  histories  were  generally  unappreciated.  The  spaces 
left  in  the  blank  forms  commonly  used  for  admission  histories  are 
pitifully  small  and  few;  the  questions  they  ask  represent  only  a  part 
of  the  knowledge  we  should  have.    Generally  filled  out  by  some  one 
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member  of  a  family  the  facts  given  are  those  known  to  that  person. 
It  is  well  known  that  most  people  do  not  know  much  of  their  ascendants 
in  the  direct  line,  and  it  is  equally  important  for  heredity  studies  to 
ascertain  the  manner  in  which  the  collateral  branches  have  progressed. 
In  these  histories  we  also  meet  with  family  pride — either  conscious  or 
unconscious,  which  tempts  our  informants  to  put  the  most  favorable 
light  on  incidents  or  individuals;  for  example,  moderate  degrees  of 
feeble-mindedness  are  not  often  recorded.  A  fair-minded  survey  of 
the  ordinary  hospital  family  history  will  show  that  we  do  not  know 
very  much  of  the  family;  any  attempt  to  extend  this  information  by 
correspondence  is  so  laborous  that  it  rarely  yields  much  except  in 
occasional  cases.  Hence,  much  of  the  material  as  to  heredity  now 
on  record  can  only  be  construed  as  pointing  out  the  way  for  further 
investigation  with  improved  methods. 

In  other  words,  while  most  of  us  are  morally  certain  of  the  action 
of  heredity  in  some  manner  in  producing  epileptics  we  have  not  the 
scientific  evidence  to  warrant  our  formulating  so  important  a  conclusion. 
We  seem  to  have  the  evidence,  but,  as  pointed  out,  on  close  investiga- 
tion it  is  relatively  worthless  for  accurate  and  scientific  work.  From 
the  data  at  hand  it  is  only  safe  to  postulate  that  neuropathic  ancestry 
and  certain  intoxications  {e.  g.,  alcohol)  in  the  preceding  generation 
make  the  individual  more  liable  to  epilepsy  and  to  other  neuropathic 
conditions.  We  do  not  know  why  epilepsy  appears  rather  than  insanity, 
etc.,  in  a  given  case. 

A  scientific  approach  to  the  problem  has  been  made  through  the 
efforts  of  a  few  men,  notably  Davenport  at  the  Experiment  Station 
at  Cold  Spring  Harbor,  and  Goddard  and  Johnson  at  the  Training 
School  at  Vineland,  N.  J.  Through  the  development  of  a  method 
they  are  attempting  to  bring  the  data  of  human  heredity  within  the 
limits  of  scientific  precision.  The  method  consists  in  the  personal 
investigation  of  the  members  of  a  family  and  of  their  collaterals  by  a 
trained  "field-worker;"  this  investigator,  usually  a  woman  of  tact  and 
good  education,  starts  from  the  heredity  data,  which  the  ordinary  hos- 
pital admission  paper  gives,  and  personally  sees  as  many  of  the  family 
as  possible  and  learns  from  them  all  she  can  about  the  family  and  its 
members,  especially  in  regard  to  mental  status  and  as  to  neuropathic 
conditions;  nervous  disease,  criminalistic  traits,  feeble-mindedness, 
insanity,  alcohol,  etc.,  must  all  be  sought  for.  Not  only  is  the  family 
interviewed,  but  the  doctors  and  ministers  who  know  the  family  are 
in  turn  visited  in  order  to  get  all  the  data  possible.  The  results  of  such 
an  investigation  are  surprising:  (1)  the  number  of  individuals  who 
are  included  is  astonishingly  large  as  compared  with  those  included 
in  the  ordinary  hospital  report;  (2)  the  large  number  of  individuals 
who  show  some  trait  which  is  or  may  be  of  importance  in  neuropathic 
heredity.  Family  prejudices  are  eliminated,  an  impartial  estimate 
obtained  by  an  observer  accustomed  to  the  work,  so  that  the  complete- 
ness and  accuracy  of  the  work  present  a  wonderful  improvement  over 
old  methods. 
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Such  work  is  as  yet  in  its  infancy;  one  fact  of  impc^rtance  has  been 
elicited,  namely,  that  the  mating  of  feeble-minded  parents  always  pro- 
duces feeble-minded  children.  Beyond  the  fact  that  epilepsy  tends  to 
occur  in  families  in  which  there  is  a  neuropathic  taint,  it  cannot  be 
said  that  the  investigations  have  shown  any  great  light  on  the  heredity 
of  epilepsy,  unless  to  reveal  an  amount  of  neuropathic  heredity  greater 
than  heretofore  supposed. 

The  ultimate  object  of  heredity  studies  is  to  formulate  the  laws 
according  to  which  the  taint  is  transmitted  and  transmuted,  showing 
itself  sometimes  in  one  guise  and  sometimes  as  another.  The  Mendelian 
law  is  a  type  of  what  is  sought.  Work  must  continue  along  this  line 
until  we  know  these  laws;  then  and  only  then  will  we  be  in  position  to 
demand  radical  measures  for  limiting  the  propagation  of  the  unfit. 
The  question  of  the  feeble-minded  may  be  considered  as  determined 
— they  should  under  no  circumstances  mate,  and,  as  many  of  our  epi- 
leptics are  feeble-minded,  the  question  is  settled  for  many  of  our  cases 
by  a  line  of  collateral  research.  The  epileptic  who  presents  no  primary 
or  associated  feeble-mindedness  (as  contrasted  with  dementia)  presents  a 
different  problem.  The  obvious  facts  lead  one  to  a  belief  in  the  efficacy 
of  heredity  to  produce  epilepsy,  but  when  we  consider  the  disease  as 
the  sum  of  the  results  of  several  agencies,  it  seems  probable  that  it  is 
not  epilepsy  which  is  inherited,  but  rather  some  fundamental  lability 
of  the  nervous  system,  which  in  one ,  set  of  circumstances  yields 
epilepsy,  while  in  another  individual  with  different  environment  gives 
another. 

The  writer,  therefore,  ventures  to  express  the  doubt  whether  we  shall 
ever  find  a  law  for  more  than  the  transmission  of  this  taint;  again,  since 
we  contend  that  epilepsy  is  not  a  unit  condition,  but  rather  a  syndrome 
having  varying  etiology,  it  cannot  be  expected  that  its  heredity  will 
be  uniform;  the  students  of  heredity  in  epilepsy  will  have  to  meet  the 
same  problem  which  all  investigators  of  the  disease  must  encounter, 
namely,  the  non-homogeneous  character  of  the  case  material  studied.  It 
is  the  neuropathic  taint  and  not  epilepsy  which  will  be  the  important 
hereditary  quantity. 

This  conservative  attitude  is  adopted  not  only  through  belief  in  its 
truth,  but  also  because  the  writer  believes  that  in  the  long  run  more 
will  be  gained  in  the  cause  of  eugenics  by  waiting  and  educating  the 
laity  to  the  needs  of  the  situation  than  by  forcing  upon  them  laws 
for  which  there  is  no  sentiment  except  among  the  instructed.  We 
must  first  have  scientific  evidence  regarding  the  transmission  of  these 
things — evidence  which  will  bear  close  scrutiny — upon  which  to  base 
a  campaign  of  education;  after  this  we  can  enact  and  enforce  laws. 

Our  standards  of  humanity  do  not  permit  us  to  leave  the  processes 
of  the  survival  of  the  fittest  free  to  act,  nor  can  we  actively  aid  in  the 
elimination  of  the  unfit.  On  the  contrary,  the  entire  trend  of  our 
civilization  has  been  toward  better  care  of  the  defective  and  thus  the 
prolongation  of  his  life.  With  our  present  standards  no  other  course 
is  open  to  us;  we  may  speak  of  euthanasia  for  these  cases  as  a  desirable 
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solution  of  the  problem,  but  no  one  will  pass  beyond  an  academic 
discussion  of  such  a  procedure.  Instead,  we  must  limit  ourselves  to 
the  restriction  of  the  propagation  of  defectives  through  the  enforce- 
ment of  measures  which  will  make  procreation  impossible  by  individuals 
who  are  unfit.  At  present  three  methods  appear  available  for  the  solu- 
tion of  this  problem  of  sex  isolation  among  the  unfit: 

Segregation. — In  segregation  we  have  a  method  which  is  efficient 
just  in  proportion  to  its  completeness.  The  almost  insurmountable 
difficulty  of  this  method  lies  in  the  great  numbers  who  must  be  segre- 
gated; if  we  consider  the  number  of  individuals  who  come  within  the 
groups  to  be  segregated — ^the  epileptic,  the  insane,  the  feeble-minded, 
the  criminal,  the  drunkard,  the  tramp — some  idea  of  the  magnitude  of 
the  problem  can  be  obtained,  and  from  a  practical  standpoint  it  would 
appear  improbable  that  any  adequate  provision  could  be  obtained 
to  meet  the  needs  of  such  segregation. 

Limitation  of  Marriage. — In  the  legal  limitation  of  marriage,  on  the 
basis  of  mental  and  physical  fitness,  an  attempt  is  made  to  solve  the 
problem  in  a  different  way.  It  is  not,  however,  sufficiently  far-reaching, 
as  many  of  the  most  dangerous  matings  (from  the  eugenics  standpoint) 
are  consummated  outside  the  bonds  of  wedlock.  A  few  States  have 
enacted  such  laws,  but  they  are  at  present  more  or  less  inoperative, 
on  account  of  the  lack  of  a  sentiment  in  their  favor. 

Sterilization. — Lastly,  operative  measures  to  make  procreation  impos- 
sible are  advocated  by  some.  Castration,  which  was  formerly  advo- 
cated for  this  purpose,  has  fallen  into  disuse,  on  account  of  the  radical 
changes  which  the  absence  of  the  internal  secretions  of  the  testes 
and  ovary  may  bring  about.  A  simpler  operation  is  used,  especially 
in  male  subjects,  namely,  the  ligation  of  the  ducts  through  which  the 
sex  cells  pass.  In  the  male  the  operation  is  very  simple:  a  small  in- 
cision is  made  over  the  spermatic  cord  on  either  side  and  the  vas 
deferens  exposed  and  cut  between  ligatures;  a  piece  may  be  removed 
if  desired.  In  the  female  the  Fallopian  tubes  may  be  cut  between 
ligatures  in  a  similar  manner.  There  seems  some  possibility  that  the 
operation  in  the  female  may  not  be  certainly  effectual  through  reopen- 
ing of  the  passage;  as  the  peritoneum  is  entered,  whether  the  incision  is 
through  the  abdomen  or  through  the  vault  of  the  vagina,  it  is  perhaps 
as  well  to  make  results  certain  by  removing  the  ovaries.  These  operative 
procedures  must  be  authorized  by  law,  and  are  usually  well  provided 
with  mechanism  to  safeguard  the  patient  from  too  radical  intervention. 
The  decision  to  operate  (castration,  vasectomy,  etc.)  is  usually  vested 
in  a  commission,  and  sometimes  the  courts  are  given  direct  review  of 
its  decisions. 

None  of  these  solutions  are  satisfactory — the  problem  is  too  large 
to  be  arbitrarily  dealt  with;  and  what  is  equally  important,  there  is 
no  public  sentiment  to  demand  intervention.  Nor  will  the  segregation 
or  asexualization  of  exuting  cases  of  transmissible  defect  stoj)  tiie  pro- 
duction of  flefectives.  There  are  influences  constantly  at  work  in  our 
civilization  tending  to  pull  down  the  normal  to  the  level  of  defectives, 


272 


THE  TREATMENT  OF  THE  EPILEPSIES 


and  as  long  as  such  influences  act  there  will  be  new  defectives,  even 
though  the  old  cases  never  produce  progeny. 

Prominent  among  these  deleterious  influences  attacking  the  race  are 
alcohol  and  the  venereal  diseases.  Alcohol  and  syphilis  are  probably 
the  source  of  the  greatest  portion  of  all  neuropathic  taint,  which  as 
passed  on  from  generation  to  generation  is  added  to  and  magnified. 
Until  we  gain  control  of  these  agencies  our  efforts  will  be  entirely  on  a 
par  with  those  of  the  man  who  bails  a  leaky  boat  without  stopping 
the  leak. 

Education. — The  writer  believes  that  a  campaign  of  education  based 
on  scientific  facts  concerning  the  transmission  of  hereditary  neuro- 
pathic characters,  and  the  production  of  such  neuropathic  taints  in 
the  previously  normal,  will  do  more  than  laws  can  ever  do  to  prevent  the 
propagation  of  the  feeble-minded.  Once  the  people  understand  that  the 
psychotic,  the  epileptic,  the  feeble-minded,  the  criminal,  the  alcoholic, 
the  syphilitic,  etc.,  infect  their  young  with  the  taint  of  degeneracy, 
just  so  soon  will  there  be  a  voluntary  limitation  of  the  matings  among 
thinking  people  between  those  who  are  tainted.  With  the  frankly 
defective  we  can  easily  deal;  for  this  we  require  laws  of  one  sort  or 
another — segregation,  operation,  what  you  will,  so  long  as  they  are 
thoroughly  carried  out.  It  is  among  the  border-line  conditions  that 
the  greatest  difficulty  will  be  experienced,  and  a  sentiment  which  will 
make  people  hesitant  of  taking  any  chances  for  the  future  generation 
will  do  more  than  a  thousand  laws. 

We  advocate,  then,  for  the  solution  of  this  problem: 

1.  The  scientific  study  of  human  heredity. 

2.  An  extensive  and  sustained  campaign  of  education  which  shall 
build  up  a  sentiment  for  a  high  mental  and  physical  fitness  as  abso- 
lutely requisite  qualifications  for  parenthood. 

3.  In  all  cases  where  the  defect  is  unmistakable,  segregation  or 
asexualization. 

The  limitation  of  parenthood  among  the  maifestly  unfit  or  among 
border-line  cases  will  by  no  means  solve  the  problem  of  the  prevention 
of  epilepsy.  Granted  that  an  individual  is  brought  into  the  world 
with  a  normally  stabile  nervous  system  this  stability  is  not  indestruc- 
tible. Syphilis,  overwork,  and  undernutrition  affect  the  child  in  uiero 
and  rob  it  of  some  of  its  stability.  In  labor,  as  we  have  indicated, 
delay,  instruments,  too  great  rapidity  of  delivery,  asphyxiation  do 
damage  to  the  child  which  probably  will  show  later  in  life  if  not  at 
once.  During  infancy  and  childhood  the  normal  characteristics  of 
the  organism  are  damaged  by  a  wide  ari'ay  of  unfavorable  influences; 
faulty  diet  and  nutrition  are  preeminent — children  are  well  known 
to  respond  to  indigestions  with  convulsions;  the  contageous  diseases, 
both  in  the  ordinary  way  through  subjecting  the  patient  to  the  stress 
of  a  severe  intoxication  or  through  direct  attacks  on  the  brain  or 
meninges;  lastly,  the  " bringing-up"  of  such  children  under  conditions 
of  slack  discipline,  nagging,  and  indulgence  nowise  fosters  the  impor- 
tant powers  of  inhibition;  the  whole  organism  becomes  undisciplined, 
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and  it  is  not  to  be  wondered  at  that  the  child  becomes  moderately 
neuropathic  and  is  prepared  to  transmit  this  taint  to  a  future  genera- 
tion. It  has  been  advocated  that  in  addition  to  a  proper  diet  and  dis- 
cipline such  children  should  receive  some  mild  sedative,  as  a  bromide 
preparation,  to  assist  in  overcoming  the  instability  which  especially 
manifests  itself  through  the  ncr^'ous  system. 

Summary. — We  have  in  the  disease  called  epilepsy  a  syndrome 
arising  from  a  number  of  diverse  causes,  which  probably  do  not  act 
singly  in  any  one  case  but  rather  produce  the  disease  by  the  sum  of 
their  acti\-ities.  We  speak  of  the  condition  as  one  disease  because 
approximately  the  same  mechanism  is  acted  on  in  all  cases,  so  that  the 
symptoms  are  similar  in  spite  of  the  diverse  pathology.  The  necessity 
for  the  individualization  of  treatment  is  thus  pointed  out  and  likewise 
the  necessity  of  approaching  the  case  from  many  different  directions. 
It  must  also  be  recalled  that  while  the  central  nervous  system  is  the 
apparent  site  of  the  disease  it  is  possible  that  the  syndrome  may  arise 
by  action  on  the  nervous  system  by  remote  products  or  stimuli  origin. 

Treatment  and  prognosis  are  affected  by  the  mental  state  of  the 
patient,  by  the  chronicity  of  the  disease,  and  also  by  the  social  and 
financial  situation  of  the  patient. 

Routine  bromide  medication  is  to  be  condemned  and  recognized 
at  its  true  worth — namely,  as  a  palliative.  A  regular  and  hygienic 
life,  with  special  attention  to  great  moderation  in  the  total  intake  of 
food  and  extreme  care  and  thoroughness  in  keeping  the  digestive 
tract  free  from  accumulations  of  waste  materials,  are  of  primary  im- 
portance and  far  exceed  the  bromides  in  value  as  a  routine  treatment. 
Bromides  are  of  value  in  cases  which  prove  refractory  to  treatment 
and  in  whom  otherwise  there  would  be  an  excessive  number  of  seizures; 
a  little  bromide  will  sometimes  keep  the  seizures  in  such  cases  within 
safe  limits;  large  doses  should  never  be  given  as  routine.  In  status 
and  serial  seizures  the  stronger  sedatives,  hydrotherapy,  elimination, 
etc.,  must  be  used. 

Surgical  intervention  is  by  no  means  a  panacea.  The  brain  must 
be  handled  at  operation  with  the  greatest  delicacy  and  should  not  be 
lightly  exposed.  Prophylactic  operation  in  traumatic  cases  is  better 
than  curative  intervention;  and  in  any  surgical  procedure  the  condi- 
tion to  be  corrected  must  be  balanced  against  the  possibility  of  injury 
and  of  scar  formation  offered  by  the  operation. 

Institutional  treatment  for  all  epileptics  is  advocated  as  far  as  the 
public  purse  will  permit.  Recent  cases  are  to  be  hospitalized;  chronic 
cases  provided  with  homes  and  work  for  the  rest  of  their  days;  non- 
productive idiots  and  imbeciles  housed  on  a  custodial  scale.  The 
advantage  of  the  institutional  treatment  over  treatment  at  home 
lies  in  the  better  control  of  the  case. 

Lastly,  prophylaxis  by  legal  means  as  far  as  possible — segregation, 
operation,  limitation  of  marriage;  but  above  all  by  the  education  of 
the  public  to  the  dangers  of  matings  between  the  unfit. 
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THE  TREATMENT  OF  THE  IMENINGITIDES 

By  WILLIAM  J.  M.  A.  MALONEY,  M.D. 
INTRODUCTION 

The  treatment  of  inflammations  of  the  meninges  is  governed  by  the 
same  fundamental  principles  as  direct  rational  therapy  in  all  morbid 
conditions. 

The  meninges  are  serous  membranes,  similar  to  the  peritoneum 
and  the  pleura,  and  may  inflame  as  these  by  the  action  of  bacterial 
or  chemical  irritants.  Any  specific  attack,  such  as  that  of  the  tubercle 
bacillus,  produces  essentially  the  same  morbid  changes  in  the  peri- 
toneum as  in  the  pericardium,  and  in  the  pericardium  as  in  the  meninges. 

After  the  causes  of  a  meningitis  have  been  found,  and  appropriate 
remedial  measures  have  acted,  permanent  changes  in  the  tissue,  due 
to  the  chemical  action  of  the  disease  toxin  and  to  the  physical  effect 
of  the  inflammatory  exudate,  may  remain,  and  may  render  complete 
restoration  of  the  function  impossible. 

The  only  perfect  treatment  for  the  meningitides  is,  therefore,  pre- 
vention. In  default  of  adequate  preventive  measures,  the  success  of 
treatment  depends  largely  upon  early  recognition  that  the  symptoms 
arise  from  inflammation  in  the  meninges,  and  upon  accurate  diagnosis 
of  the  nature  of  that  inflammation. 

In  serous  membranes,  other  than  the  meninges,  the  inflammatory 
processes  are  easy  to  detect.  We  feel  and  hear  the  friction  of  mox  ing 
fibrin-clad  surfaces;  we  see  the  distention  produced  by  a  fluid  exudate; 
we  discover  the  dulness  of  an  exudate  in  a  region  which,  normally, 
is  resonant;  and  we  see  the  impairment  or  abnormality  of  movement 
engendered  by  effusion  or  by  adhesions.  To  guide  us  to  the  recognition 
of  a  meningitis,  none  of  these  signs  is  available.  The  meninges  are 
concealed  within  the  bony  walls  of  the  cranium  and  of  the  ^•ertebral 
column.  An  inflammatory  process  in  the  meninges  is  impalpable, 
invisible,  and  inaudible.  But,  fortunately,  there  are  other  signs  by 
which  we  may  recognize  its  presence. 

The  meninges  envelop  the  cerebrum,  cerebellum,  and  spinal  cord. 
The  nerves  which  run  to  and  from  the  central  nervous  system  must 
pierce  this  meningeal  envelope.  Inflammation  in  the  meninges  may 
implicate  a  nerve  in  transit.  Objective  evidence  of  the  inflammatory 
process,  therefore,  may  be  revealed  in  signs  of  irritation  of  the  men- 
ingeal envelope  and  of  the  periplieral  nerves.  These  irritati\  e  ])hc- 
nomena  consist  essentially  of  headache,  pain,  tenderness,  and  muscular 
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spasm.  Pain  may  radiate  throughout  the  distributiou  of  the  peripheral 
nerves;  tenderness  may  induce  a  terror  of  movement;  and  muscular 
spasm  may  produce  squint,  rigidity  of  the  neck,  head  retraction,  opis- 
thotonos, scaphoid  abdomen,  flexor  or  extensor  spasms  of  the  limbs, 
retention  of  urine,  and  constipation.  If  the  irritation  be  sufficiently 
intense  or  prolonged,  muscular  palsies  may  ultimately  result.  As  the 
distribution  and  intensity  of  the  sensory  and  motor  symptoms  depend 
upon  the  site  and  the  extent  of  the  meningitis  a  study  of  the  symp- 
toms enables  us  to  reach  a  fairly  accurate  topographical  diagnosis. 

In  addition  to  the  nerve  roots  the  enveloped  cerebrospinal  axis  may 
be  implicated.  The  exudate  from  the  meningeal  inflammation,  as  it  is 
confined  wdthin  an  inelastic  bony  cavity,  will,  if  sufficient  in  amount, 
compress  sensibly  the  underlying  brain  or  cord.  Such  compression 
may  directly  interfere  with  the  function  of  the  nerve  fibers  and  cells 
and  may  impede  the  venous  and  lymphatic  circulation  within  the 
central  nervous  system.  In  consequence  of  these  mechanical  actions, 
edema  and  malnutrition  occur  in  the  nerve  substance  and  cause  dis- 
turbances of  sensory  and  motor  functions.  The  inflammatory  process 
may  itself  invade  the  underlying  nervous  tissues,  and  to  the  meningitis 
add  a  m\'elitis  or  an  encephalitis,  or  both. 

The  prominence  of  these  irritative  and  pressure  phenomena  depends 
somewhat  upon  the  intensity  of  the  inflammation.  Sometimes  in  a 
chronic  inflammation  an  effusion  gathers  so  gradually  as  to  obscure 
the  inflammatory  nature  of  the  process.  The  exudate,  indeed,  may 
be  so  circumscribed  by  adhesions  as  to  produce  pressure  signs  which 
suggest  persuasively  the  presence  of  a  tumor  and  the  advisability  of 
operative  interference. 

Diagnosis. — ^The  first  step  in  the  treatment  of  meningitis — the 
diagnosis  of  the  condition — is  therefore  difficult.  Excepting  the  pain 
due  to  the  pressure  of  the  exudate  upon  the  inflamed  meningeal 
nerves,  all  the  signs  at  our  disposal  arise  from  implication  of  structures 
other  than  the  meninges — the  underlying  brain  or  cord  or  the  pene- 
trating nerves. 

How  can  we  be  certain  of  the  nature  of  the  condition?  The  more 
acute  the  process  the  more  urgent  is  the  need  to  identify  it.  Unfor- 
tunately the  greater  also  may  then  be  the  difficulty  of  diagnosis.  A 
disease  developing  acutely  with  fever,  malaise,  irritability,  vomiting, 
headache,  rigidity  of  the  neck,  tenderness,  head  retraction,  spasms  and 
convulsions,  with  or  without  affection  of  consciousness,  is  probably 
a  meningitis. 

Differential  Diagnosis. —  Hysteria. — Headache,  vomiting,  convulsions, 
and  rigidity  may  occur  in  hysteria,  and  such  cases  are  not  infrequently 
mistaken  for  meningitis.  The  absence  of  general  toxic  symptoms 
precludes  an  acute  meningitic  affection.  To  diagnosticate  hysteria  from 
tuberculous  or  serous  meningitis  is  difficult.  Heroic  treatment  by  cold 
douches  may  arouse  not  only  a  hysteric  but  also  a  case  of  tuberculous 
meningitis.  The  symptoms  in  tuberculous  meningitis  sometimes  by 
their  daily  variations  suggest  a  functional  disorder;  so  care  is  necessary. 
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The  hysteric  has  no  fever.  Stigmas  such  as  hemianesthesia,  stocking, 
glove,  or  hand  areas  of  anesthesia  may  happily  aid  in  the  differentiation. 
In  hysteria  the  pupils  are  equal  and  react  normjilly,  objective  signs 
of  organic  disease  are  absent,  and  the  visual  field  may  show  character- 
istic contraction.  Examination  of  the  cerebrospinal  fluid  is  of  value 
in  the  diagnosis  of  such  cases.  The  fluid  is,  of  course,  normal.  But 
the  diagnostic  is  inconsiderable  compared  with  the  therapeutic  value 
of  the  puncture.  If  the  little  operation  be  performed  with  all  due 
circumstance  the  cure  of  this  particular  group  of  hysterical  symptoms 
is  not  only  speedy  but  lasting.  Rarely  a  second  therapeutic  puncture  - 
is  necessary. 

Uremic  States. — The  headache,  drowsiness,  irritability,  vomiting, 
convulsions,  and  nerve  palsies  which  may  occur  in  uremic  states  may 
simulate  meningitis.  The  urinary  examination  may  not  be  very  helpful 
for  albumin,  and  casts  occur  also  in  the  acute  toxic  conditions  which 
can  cause  meningitis.  Confusion  arises  chiefly  in  regard  to  the  differ- 
entiation of  uremia  from  cerebrospinal  meningitis;  but  in  uremia  the 
fever  is  usually  negligible,  herpes,  is  absent,  and  hyperesthesia  does 
not  exist.  The  treatment  of  the  nervous  phenomena  in  this  state  is, 
of  course,  that  of  the  uremia — bleeding,  saline  infusions,  hot  packs, 
avoidance  of  morphine,  chloroform,  and  other  toxic  symptomatic  rem- 
edies, etc. 

Pneumonia,  exanthematous  disease,  and  acute  intestinal  conditions 
have  all  to  be  excluded.  In  these  the  temperature  usually  rises  more 
suddenly  and  attains  a  higher  level;  the  pulse  is  faster;  and  the  vomiting 
is  more  severe,  more  distressing,  and  more  transient  than  in  tuberculous 
meningitis. 

Typhoid  Fever— It  is  often  difficult  to  differentiate  meningitis  from 
typhoid  fever.  The  meningitic  is  more  irritable  than  the  enteric  patient. 
Stocker  taught  that  if  the  bed-clothes  be  pulled  down  a  t}^hoid  case 
ignores  it,  but  a  meningitic  case  resents  it  and  pulls  the  clothes  up 
again.  Jenner  observed  that  when  delirium  appeared,  complaining 
about  the  headache  ceased  if  the  case  were  typhoid,  continued  if 
meningitis. 

Change  in  temperament  appears  in  nearly  all  invalid  states  in  neuro- 
tic children  and  adults.  The  diagnostic  value  of  irritability  or  of  drowsi- 
ness is  therefore  slight.  Perhaps  when  the  physician  is  first  consulted 
only  one  of  the  enumerated  signs  suggestive  of  meningeal  irritation 
is  present  in  addition  to  the  malaise,  headache,  and  fever  which  are 
common  to  most  toxic  states.  This  initial  sign  is  not  constant  in  any 
form  of  meningitis.  Thus  in  the  posterior  basic  form  in  which  cere- 
brospinal meningitis  may  appear  sporadically  in  children,  Lees  and 
Barlow  analyzed  the  initial  signs  as  follows: 


First  signs — Vomitinp;   33 

Convulsion   29 

Head  retraction   24 

Screaming  or  irrit  ability   9 

Sleepiness  or  languor   7 


102  cases 


PALLIATIVE  MEASURES 
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Infectious  Diseases. — Convulsions  and  vomiting  usher  in  many 
infectious  diseases  of  childhood,  for  the  stability  of  a  child's  motor 
and  mental  mechanisms  is  slight.  More  characteristic  of  meningitis 
is  evidence  of  muscular  spasm  which  usually  appears  in  the  first  days. 
The  earliest  spasm  occurs  in  the  neck  muscles:  it  produces  head  retrac- 
tion, which  although  not  pathognomonic  is  yet  very  suggestive  of 
meningitis.  Increased  tonicity  of  the  flexors  of  the  leg  when  the  thigh 
is  flexed  to  a  right  angle  with  the  abdomen  (Kernig's  sign)  is  so  fre- 
quently present  in  meningitis  as  to  be  almost  constant.  Head  retraction 
and  Kernig's  sign  are  presumptive  evidence  of  the  presence  of  men- 
ingitis. 

When  required  to  treat  an  inflammation  of  a  serous  membrane, 
say  of  the  knee-joint,  a  physician's  first  endeavor  is  to  identify  the 
oftending  irritant  so  as  to  apply  appropriate  remedies.  The  salicylates 
which  so  powerfully  aid  in  rheumatic  are  invoked  in  vain  in  tuber- 
culous and  are  impotent  in  traumatic  serositis.  Treatment  avails 
little  unless  it  be  directed  immediately  against  the  source  of  the  evil. 
To  establish  the  cause  is  a  no  less  urgent  and  essential  preliminary 
to  the  eftective  treatment  of  a  meningitis  than  of  any  other  serositis. 

PALLIATIVE  MEASURES 

A  conclusively  established  diagnosis  requires  time;  but  treatment 
may  rarely  halt  until  the  nature  and  cause  of  the  patient's  ailment  be 
discovered.  What  can  be  done  in  the  interim  to  arrest  the  progress 
of  the  disease?  If  a  case  presents  meningeal  symptoms  during  an 
epidemic  of  cerebrospinal  meningitis  or  of  acute  poliomyelitis  the 
appropriate  vaccine  treatment  should  be  employed  without  delay. 
JVIeningeal  symptoms  arising  in  an  epidemic  of  meningitis  are  more 
likely  to  be  due  to  the  same  cause  as  the  epidemic  than  to  any  other 
cause.  No  harm  will  be  done  by  the  treatment,  but  incalculable  harm 
may  accrue  from  delay.  Hence,  in  a  case  which  may  possibly  be  cere- 
brospinal meningitis  there  should  be  no  hesitation  in  administering 
at  the  earliest  moment  an  intraspinal  injection  of  a  meningococcic 
antitoxin.  We  shall  soon  have  at  our  disposal  an  antitoxin  for  acute 
poliomyelitis  also,  which  under  analogous  circumstances  we  may  use. 
These  are  practically  the  only  measures  of  specific  treatment  which 
we  can  employ  upon  a  merely  tentative  diagnosis. 

During  this  period  of  inevitable  uncertainty  the  urgency  of  the 
symptoms  may  demand  measures  not  directed  against  the  elusive 
essential  process. 

Medicinal  Treatment. — Morphine. — Morphine  may  be  needed  for  the 
intense  headache  and  for  the  restlessness,  tenderness,  pain,  rigidity, 
and  spasm.  Its  use  in  children  cannot  be  too  severely  deprecated.  It 
is  difficult  to  control;  alarming  idiosyncrasies  may  be  revealed  even 
toward  minute  doses  of  the  tincture  of  opium.  Moreover,  except  to 
narcotize,  little  useful  action  is  exerted  by  morphine.  It  relieves  pain 
but  it  masks  symptoms.   The  temptation  to  use  morphine  is  powerful. 
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In  the  treatment  of  older  children  and  adults  it  is  seldom  resistible. 
One  may  give  to  these  or  |^  ^rd'm  doses  without  much  danger; 
even  |  grain  may  be  required  to  calm.  But  in  infants  below  the  age 
of  one  3^ear  the  use  of  morphine  should  be  banned,  and  in  older  children 
great  caution  should  govern  its  employment. 

Aspirin. — Aspirin  and  other  coal-tar  products  such  as  phenacetin, 
acetanilide,  and  phenazone  are  used  vaguely  as  antipyretics,  analgesics, 
and  hypnotics.  In  some  cases  they  ease  the  patient  by  mitigating  pain. 
The  rheumatic  diplococcus  may  cause  an  inflammation  of  the  meninges, 
as  of  any  other  serous  membrane,  in  which  aspirin  may  be  of  ser^•ice. 

Urotropin. — The  drug  which,  above  all  others,  is  useful  in  this  stage 
of  meningitis  is*  urotropin.  Crowe  has  shown  that  if  urotropin  be 
administered  by  mouth  it  can  be  detected  within  an  hour  in  the  cerebro- 
spinal fluid.  By  heat,  by  the  action  of  dilute  acids  or  alkalies,  urotropin 
can  be  converted  into  formaldehyde.  The  decomposition  product  in 
the  body  is  probably  formaldehyde  or  certainly  a  very  closely  allied 
substance  which  exercises  a  markedly  retarding  influence  upon  bac- 
terial action.  By  inoculating  the  subarachnoid  space  of  animals  with 
streptococci  of  exalted  virulence,  Crowe  has  demonstrated  that  the 
attenuated  solution  of  formaldehyde,  which  bathes  the  meninges  when 
urotropin  is  administered  by  mouth,  exerts  an  inhibitory  influence 
upon  the  propagation  of  the  organisms.  Although  the  drug  did  not 
produce  immunity  to  the  infection,  yet  the  progress  of  the  streptococcal 
meningitis  was  slower  and  death  was  longer  delayed  in  animals  which 
received  urotropin  than  in  those  which  did  not.  Among  those  which 
received  urotropin,  the  rapidity  with  which  the  inflammator}'  process 
spread  could  be  markedly  slowed  by  increasing  the  dose. 

This  salutary  effect  of  urotropin  has  been  repeatedly  demonstrated. 
Obviously,  the  drug  should  be  given  at  the  moment  any  meningeal 
symptoms  arise.  Indeed,  in  persons  exposed  to  infection  in  epidemics, 
prophylactic  doses  of  urotropin  are  strongly  to  be  recommended.  By 
its  aid  a  possible  meningitis  may  be  avoided,  an  incipient  meningitis 
aborted,  and  an  existing  meningitis  mitigated  in  virulence.  Urotropin 
is  not,  however,  always  well  tolerated  by  the  gastric  mucosa.  It  may 
be  combined  with  bismuth.  Frequently  vesical  tenesmus  follows  its 
use.  Nicolaier  reports  a  case  where  90  grains  per  day  caused  blood  and 
epithelial  cells  to  appear  in  the  urine. 

It  is  quickly  excreted  and  should  therefore  be  given  in  frequently 
repeated  doses  in  order  to  maintain  its  adequate  concentration  within 
the  cerebrospinal  system.  As  a  rule  the  drug  is  well  borne.  The  aver- 
age dose  for  an  adult  is  5  to  10  grains  every  four  hours.  The  frequency 
of  administration  may  be  increased  until  the  first  indication  of  intoler- 
ance be  produced.  Only  thus  can  the  full  physiological  effect  be  assured. 
In  absence  of  definite  knowledge  of  the  nature  of  the  exciting  cause  of 
a  meningitis,  urotropin  is  the  most  rational  therapeutic  agent  which  a 
physician  can  employ  in  the  initial  stage. 

Mercury. — The  headache  and  irritability  may  be  relieved  by  ])urging. 
Mercury  is  probably  the  best  cathartic.   To  infants  one  grain  of  gray 
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powder  may  be  ^iven  tlirice  daily,  or  one  dram  of  mercury  ointment 
(ung.  hydrargyri),  or  of  white'  precipitate  ointment  may  daily  be 
spread  on  a  binder  which  encircles  the  abdomen.  Just  as  intolerant 
as  children  are  of  morphine  so  are  they  tolerant  of  mercury.  The 
action  of  this  drug  partly  consists  in  diminishing  the  absorption  of 
toxic  matter  from  the  bowel  by  mechanically  emptying  and  purifying 
the  intestinal  tract.  JNIercury  is  especially  valuable  when  the  presence 
of  much  indican  in  the  urine  shows  the  existence  of  excessive  intestinal 
putrefaction.  Mild  purging,  besides  removing  possible  sources  of  tox- 
emia, depletes  the  capillaries  and  lymph  spaces  of  the  intestines  of 
fluid;  the  fluid  content  of  the  whole  circulation  is  diminished;  blood 
pressure  falls;  and  thus  the  tension  within  the  spinal  and  cranial  cav- 
ities is  lowered.  Some  of  the  drug  is  absorbed  as  a  soluble  albuminate 
of  mercury,  and  is  conveyed  through  the  blood  to  the  cerebrospinal 
axis.  There  the  albuminate  of  mercury  combines  wdth  the  protoplasm 
of  the  meninges.  The  new  protoplasm  thus  formed,  by  virtue  of  its 
mercury  ions,  seems  to  acquire  an  enhanced  resistance  to  organismal 
invasion  and  an  increased  power  to  absorb  and  to  dissolve  the  products 
of  the  inflammatory  process.  Hence,  Gowers  and  the  English  school  of 
neurologists  strongly  praise  the  efficacy  of  mercury  in  inflammatory 
processes  in  the  meninges. 

Bromides  and  Other  Sedatives. — The  patient  may  be  so  hyperesthetic 
that  any  stimulus  troubles  him;  noise  jars  him,  light  vexes  his  eyes, 
and  a  touch  induces  reflex  spasms.  He  may  be  as  if  he  were  suffering 
from  strychnine  poisoning.  He  may  be  unsoothable  in  his  moaning 
and  complaining;  and  if  he  be  approached  he  may  scream  from  fear  of 
being  touched.  The  elimination  of  all  external  stimuli,  the  quieting 
and  darkening  of  the  room,  will  comfort  him.  Bromides  will  diminish 
this  reflex  irritability.  Their  sedative  effect  may  be  reinforced  by 
chloral.  If  vomiting  be  severe  or  if  convulsions  occur,  chloral  and 
bromide  may  not  be  administrable  by  way  of  the  mouth,  and  may  need 
to  be  introduced  into  the  rectum,  either  in  a  suppository  or  in  a  small 
clystrum  of  bland  medium.  But  chloral  is  a  treacherous  remedy,  and 
surprising  degrees  of  collapse  not  rarely  follow  its  use. 

Chloroform. — Chloroform  inhalation  is  recommended  bv  some  as  a 
sedative  for  convulsions,  but  it  is  even  more  dangerous  than  morphine. 

Ice. — An  ice-bag  applied  to  the  head  may  greatl}^  alleviate  headache. 
It  is  unnecessary  to  shave  the  head  before  applying  the  ice-bag.  The 
ice  may  be  crushed  to  render  the  bag  colder  and  more  comfortable. 
Salt  may  be  added  to  further  lower  its  temperature.  If  the  patient  be 
intolerant  of  the  weight  the  ice-bag  may  be  either  suspended  above  or 
laid  alongside  the  head. 

Leeches. — The  application  of  leeches  over  the  mastoid  region  may 
relieve  intracranial  congestion  and  thus  alleviate  headache.  Blisters 
behind  the  ears  and  pustulants,  such  as  tartrated  antimony  ointment 
to  the  shaven  scalp,  are  distressing  to  the  patient  and  of  little  purpose. 

Hydrotherapy. — The  best  means  to  ease  the  pain,  to  lessen  the 
tension,  and  to  tranquillize  the  irritability  of  the  muscles  is  bathing. 
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Prolonged  immersion  is  necessary.  The  calming  influence  of  the  bath 
is  remarkable.  Hyperpyrexia  disappears,  excitement  abates,  and  sleep 
supervenes.  If  in  a  child  the  cerebral  symptoms  are  associated  with 
hyperpyrexia,  awakening  from  the  bath-induced  sleep  may  be  peaceful, 
but  the  temperature  soon  may  mount  again,  twitching  recommence, 
and  a  second  bath  be  indicated.  The  relative  merits  of  hot  and  cold 
baths  for  this  purpose  is  a  subject  of  controversy.  Even  the  use  of 
ice  is  advocated.  Generally,  however,  a  temperature  between  65°  and 
85°  F.  is  employed.  The  mode  of  action  of  the  bath  is  complicated. 
The  skin  capillaries  are  as  a  great  superficial  sheet  of  blood.  In  a  warm 
bath,  as  they  are  equally  dilated,  the  depth  and  extent  of  the  cutaneous 
blood  pool  is  increased,  the  internal  organs  are  depleted,  and  the  heart, 
receiving  less  endocardial  stimulation,  slows  restfully.  The  ducts  of 
the  myriads  of  skin  glands  are  washed  clean;  the  increased  cutaneous 
blood  supply  stimulates  the  glands  to  free  action;  much  fluid  is  elimi- 
nated; toxic  matters  are  possibly  excreted,  and  the  blood  improved. 
The  diminution  of  pressure  by  the  submersion  of  the  thorax  and  trunk 
facilitates  respiration  and  tends  to  make  breathing  slower,  deeper,  and 
more  efficient.  In  addition  to  enhancing  the  circulatory,  excretory, 
and  respiratory  functions,  bathing  reduces  the  temperature  and  thus 
mitigates  the  extravagant  catabolism  induced  by  the  circulating  toxins. 
The  skin  surface  is  the  origin  of  numberless  sensory  nerves;  these 
convey  such  a  concerted  volume  of  benign  stimuli  from  the  warmth  and 
comfort  of  the  bath  that  the  irritable  reflex  arcs  are  tranquillized  and 
the  exhausted  patient  falls  asleep.  We  possess  no  safer,  no  surer, 
and  no  speedier  palliative  for  mental  and  for  motor  excitement  than 
the  bath. 

If  hyperesthesia  be  present,  and  bodily  tenderness  excessive,  the 
manipulations  involved  in  the  transference  from  bed  to  bath  and  from 
bath  to  bed  may  be  a  source  of  anguish  to  the  patient.  He  should  be 
left  upon  the  bed  sheet  undisturbed  and  thus  lifted  to  and  from  the 
bath.  If  to  lift  him  is  impracticable,  wet  packs  should  be  substituted 
for  immersion.  For  a  wet  pack,  a  sheet  wet  with  water  of  a  temperature 
of  about  65°  F.  is  used.  One-half  of  the  sheet  is  rolled  up;  the  roll  is 
passed  under  the  patient  so  that  he  lies  upon  the  unrolled  portion; 
the  rolled  part  then  is  unwound  to  envelop  him.  The  pack  is  removed 
after  about  an  hour  and  the  patient  is  wrapped  in  warm  blankets. 

LUMBAR  PUNCTURE 

As  in  the  pleural,  pericardial,  peritoneal,  and  other  serous  cavities, 
so  in  the  subarachnoid  space,  an  increase  of  fluid  may  result  from  an 
inflammatory  process.  The  pressure  of  this  fluid  exudate  may  cause 
many  of  the  urgent  symptoms.  Hence,  to  relieve  this  pressure  by 
lumbar  puncture  is  no  less  efficacious  than  baths.  Lumbar  puncture 
is  a  procedure  which  is  more  urgently  indicated  in  a  meningitic  than 
in  any  other  condition,  not  only  because  of  its  immediate  and 
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sedative  effect,  but  also  because  of  its  great  value  in  diagnosis.  In 
lumbar  puncture  the  intracranial 'tension  is  directly  reduced  by  with- 
drawal of  cerebrospinal  fluid.  As  the  amount  withdrawn  is  under 
control  the  reduction  of  pressure  can  be  regulated. 

To  understand  the  rationale  of  lumbar  puncture  we  must  consider 
the  anatomy  of  the  meninges. 

Anatomy  of  Meninges. — There  are  three  membranes  or  meninges 
covering  the  cerebrospinal  axis — the  dura  mater,  the  arachnoid,  and 
the  pia  mater.  The  dura,  the  pachymeninx,  is  the  outermost  invest- 
ment. In  the  cranium  it  forms  the  periosteal  lining  of  the  bones  and 
partitions  the  right  from  the  left  cerebral  hemisphere,  the  right  from 
the  left  cerebellar  hemisphere  and  the  cerebrum  from  the  cerebellum. 
In  the  spinal  cord  it  loosely  envelops  the  arachnoid.  The  vertebrae 
have  a  periosteum  of  separate  origin.  The  cleft  between  the  dura  and 
the  arachnoid  is  known  as  the  subdural  space. 

The  pia  mater  or  innermost  membrane  forms  the  immediate  covering 
of  the  brain  and  cord,  is  closely  applied  to  the  outer  surfaces  of  the 
cerebrospinal  axis,  and  is  invaginated  into  all  the  fissures.  It  is  a  highly 
Vascular  membrane;  its  inner  surface  is  closely  bound  to  the  brain 
substance  by  the  numerous  small  arteries  and  veins  which  pass  between 
them. 

Between  the  dura  and  pia  lies  the  arachnoid.  So  intimate  is  the 
relation  of  the  pia  to  the  arachnoid  that  these  are  regarded  as  one 
membrane — the  pia-arachnoid  or  leptomeninx.  But  between  the 
arachnoid  and  the  pia  is  a  space,  the  subarachnoid  space.  Over  the 
brain  this  space  in  some  parts  is  obliterated,  in  others  is  expanded  into 
large  reservoirs  or  cisternae.  Around  the  spinal  cord  the  space  is  very 
evident.  The  arachnoid  is  continued  downward  beyond  the  termination 
of  the  spinal  cord  as  a  tubular  investment  to  the  cauda  equina.  A  large 
subarachnoid  space  is  here  formed,  which  may  be  called  the  caudal 
cistern.    The  subarachnoid  space  contains  the  cerebrospinal  fluid. 

Cerebrospinal  Fluid. —  Distribution  and  Circulation. —  The  cerebro- 
spinal fluid,  throughout  the  subarachnoid  space,  forms  a  more  or  less 
continuous  fluid  envelope.  The  fluid  does  not  remain  stationary  nor 
stagnant.  Its  circulation  has  a  definite  direction  and  rate.  One  of 
Bier's  pupils  has  shown  that  colored  material,  such  as  indigo,  injected 
into  the  caudal  cistern  of  animals  appears  at  a  cranial  trephine  open- 
ing within  a  number  of  minutes,  which  varies  between  ten  and  thirty 
according  as  the  angle  which  the  animal's  spinal  axis  makes  with  the 
horizontal.  This  circulation  is  not  a  physical  process.  Control  experi- 
ments show  that  in  glass  tubes  of  appropriate  caliber  containing  fluid 
of  a  composition  analogous  to  the  cerebrospinal  fluid,  coloring  matter 
takes  incomparably  longer  to  diffuse  through  a  column  of  fluid  the 
length  of  the  spinal  axis,  placed  at  a  similar  angle. 

The  bilateral  ligamentum  denticulatum  stretches  from  the  arachnoid 
across  the  subarachnoid  space  to  the  pia  so  as  more  or  less  to  partition 
the  space  into  an  anterior  and  posterior  compartment.  The  septum 
posticum  of  Magendie  and  the  arachnoid  trabeculae  may  form  in  the 
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cervical  region  a  valvular  arrangement  which  permits  fluid  to  flow  only 
in  one  direction. 

Beneatii  the  dura  mater  is  a  vast  plexus  of  veins.  When  these  veins 
fill  the  pressure  in  the  vertebral  canal  is  increased  and  cerebrospinal 
fluid  is  forced  out  of  the  canal  into  the  subarachnoid  space  of  the 
cranial  cavity;  when  in  inspiration  and  in  the  heart's  diastole  these 
veins  empty,  the  pressure  in  the  vertebral  canal  falls  and  the  cerebro- 
spinal fluid,  partly  by  aspiration,  partly  perhaps  by  gravity,  flows 
down  the  anterior  compartment.  Thus  a  cerebrospinal  fluid  circulation 
throughout  the  whole  craniovertebral  cavity  is  maintained. 

An  exudate,  unless  circumscribed  by  adhesions,  increases  the  amount 
of  cerebrospinal  fluid  and  raises  its  pressure.  The  cellular  and  bacte- 
rial parts  of  the  exudate  become  diffused  throughout  the  subarachnoid 
space.  Hence,  by  introducing  a  needle  into  the  subarachnoid  space, 
we  may  relieve  intracranial  tension  and,  from  the  withdrawn  fluid, 
ascertain  whether  or  not  an  inflammatory  process  exists  in  the  meninges. 

Technique  of  Lumbar  Puncture. — For  lumbar  puncture  a  fine  cannula 
or  tubular  needle,  about  1  mm.  in  diameter  and  4  inches  long,  vnth  a 
sharp  bevelled  end,  is  used.  A  trocar  or  wire  is  inserted  into  the  needle. 
The  patient  sits  up,  or  lies  on  one  side,  with  the  body  bent  so  that  the 
lumbar  region  of  the  spine  is  arched  toward  the  physician.  Thorough 
antiseptic  precautions  are  taken.  The  interspace  between  the  lumbar 
spines  immediately  above  or  below  a  line  joining  the  highest  point  of 
the  iliac  crests  is  selected.  Quincke-  prefers  the  space  between  the 
third  and  fourth  lumbar  vertebrae  and  enters  a  few  millimeters  to  one 
side  of  the  middle  line.  The  chosen  area  is  frozen  with  ethyl  chloride 
or  anesthetized  by  infiltration  with  novocain.  Often  no  local  anesthetic 
is  given.  If  opisthotonos  or  marked  tenderness  be  present  a  general 
anesthetic  is  needed,  especially  in  children.  The  needle  is  introduced. 
It  should  be  grasped  in  the  right  hand;  the  penetrating  end  should  be 
supported  and  steadied  between  the  thumb  and  index  finger  of  the  left 
hand.  Haste  is  undesirable.  If  the  needle  be  unsupported  and  intro- 
duced rapidly  it  may  impinge  against  a  vertebra  and  snap.  Consider- 
able assurance  is  necessary  in  performing  one's  first  lumbar  puncture, 
for  the  needle  point  must  penetrate  from  one  to  three  inches  before 
the  subarachnoid  space  is  reached— 2  cm.  in  the  case  of  a  child,  4  to 
6  cm.  in  the  case  of  an  adult  (Quincke).  When  the  point  enters  the 
space  a  lack  of  resistance  to  its  progress  is  at  once  felt  by  the  physician. 
The  trocar  or  wire  should  then  be  withdrawn  and  the  fluid  allowed 
slowly  to  flow  into  the  expectant  sterile  tube.  Failure  will  be  avoided 
if  a  free  channel  through  the  cannula  be  first  insured  and  if  the  pene- 
tration occurs  in  the  middle  line.  A  slightly  upward  direction  should 
be  imposed  upon  the  needle. 

If  it  be  desired  to  measure  the  pressure,  practically  no  apparatus 
except  capillary-bored  glass  tubing  is  necessary.  I^pon  a  piece  of 
wood  or  card-board  a  paper  millimeter  scale  should  be  fixed  alongside 
the  vertical  glass  tubing;  this  and  a  connecting  glass  T-piece,  a  few 
clamps,  and  some  rubber  tubing  make  an  efficient  manometer.  The 
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horizontal  limb  of  the  T-piece  and  the  vertical  glass  tubing  are  connected 
to  the  puncturing  needle  by  means  of  short  pieces  of  rubber  tubing. 
A  piece  of  rubber  tubing  is  placed  upon  the  vertical  part  of  the  T-piece 
and  clamped.  A  clamp  may  be  placed  between  the  T-piece  and  the 
needle.  The  needle  is  introduced  into  the  caudal  cistern.  The  fluid 
flows  out  and  the  height  to  which  it  rises  in  the  vertical  glass  tube  is 
observed.  Then  the  clamp  may  be  taken  ofl"  the  vertical  part  of  the 
T-piece  and  the  fluid  be  collected  in  a  test-tube  for  examination.  It 
is  neither  necessary  nor  desirable  first  to  fill  the  apparatus  with  saline. 

The  normal  pressure  of  the  cerebrospinal  fluid  is  such  that  when  the 
patient  is  recumbent  the  fluid  issues  in  drops.  At  abnormal  pressures 
the  drops  merge  into  a  continuous  stream.  As  estimated  with  Kronig's 
apparatus  the  normal  pressure  equals  125  mm.  of  water.  A  pressure 
of  over  200  mm.  (Boveril)  or  of  over  150  mm.  (Quincke)  is  abnormal. 

If  the  patient  be  able  to  sit  up  the  operation  is  greatly  facilitated; 
but  while  the  fluid  flows  the  patient  is  safer  in  a  recumbent  posture. 

Untoward  Symptoms. — Most  of  the  untoward  symptoms  are  caused 
by  the  removal  of  too  much  fluid  at  one  sitting.  It  is  better  to  draw 
off  several  small  amounts — say  3  fluidrams — (11  c.c.)  at  a  time  than 
to  risk  the  possible  consequences  of  one  large  tapping.  In  1906  a  child 
suffering  from  whooping  cough  and  bronchopneumonia  accompanied 
by  convulsions  was  twice  greatly  calmed  by  the  withdrawal  of  2  or  3 
drams  (5  to  7  to  11.2  c.c.)  of  cerebrospinal  fluid.  At  the  third  inter- 
ference I  allowed  the  fluid  to  continue  to  drain.  After  half  an  hour 
about  Ij  ounces  (40  c.c.)  had  collected,  then  the  patient  suddenly  died. 

In  a  youth  suspected  of  rabies  whom  I  "lumbar  punctured"  a 
paraplegia  followed.  In  the  course  of  three  weeks  rapid  improvement 
occurred,  but  the  patient  was  then  still  somewhat  disabled.  I  was 
prevented  from  following  his  further  course.  The  needle  probably 
punctured  a  vein  and  the  hemorrhage  produced  a  pressure  paraplegia. 

How  may  these  serious  consequences  be  avoided? 

The  puncturing  of  a  vein,  although  not  of  rare  occurrence,  seldom 
produces  any  evident  consequences.  It  is  an  accident  which  cannot 
be  prevented.  The  alarming  collapse  which  sometimes  follows  lumbar 
puncture  can  be  avoided  if  not  more  than  10  c.c.  of  cerebrospinal  fluid 
are  withdrawn  at  a  sitting.  How  can  one  tell  the  moment  at  which 
the  flow  should  be  stopped?  Quincke  estimated  the  pressure  before 
and  after  the  removal  of  definite  quantities  of  cerebrospinal  fluid. 

The  following  are  the  results  in  tabular  form  of  his  first  cases: 


Pressure  of  cerebrospinal  fluid  in  mm.  of  water. 


Amount  of  fluid 

Case. 

Initial. 

End. 

Difference. 

withdrawn. 

1 

210 

85 

125 

19.0 

2 

250 

110 

140 

18.0 

3 

200 

110 

90 

18.0 

4 

155 

120 

35 

8.0 

165 

70 

95 

18.0 

6 

130 

45 

85 

1.5 

7 

200 

70 

130 

25.0 

8 

300 

150 

150 

15.0 

9 

280 

170 

110 

10.0 
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Obviously,  if  a  withdrawal  of  1.5  c.c.  can  lower  the  pressure  85  mm. 
in  one  case  and  a  withdrawal  of  18  c.c.  produces  a  fall  of  only  95 
mm.  in  another  case,  the  amount  to  draw  off  is  a  factor  peculiar  to 
the  individual  case.  When  a  large  fall  in  the  pressure  results  from  the 
evacuation  of  a  small  amount  of  fluid  the  cerebral  subarachnoid  space 
must  be  shut  off  from  the  spinal. 

If  the  amount  which  one  ought  to  withdraw  varies  with  each  case, 
what  guide  have  we  to  determine  it?  The  fall  in  the  cerebrospinal 
fluid  pressure  affords  us  no  index.  A  fall  of  150  mm.  during  the  operation 
may  be  as  well  tolerated  as  one  of  35  mm. 

Blood  Pressure  as  a  Guide. — The  only  reliable  guide  is  the  blood 
pressure.  Horsley  has  long  recognized  and  strongly  insisted  upon  the 
necessity  of  carefully  observing  the  blood  pressure  during  intracranial 
operations.  Marked  lowering  of  the  blood  pressure  is  the  only  danger 
signal.  Throughout  the  flow  of  the  fluid  the  blood  pressure  should  be 
carefully  watched.  If  it  falls  considerably  the  withdrawal  of  the  fluid 
should  be  stopped  at  once  and  the  patient  made  to  lie  down  with  the 
head  at  a  lower  level  than  the  feet.  In  case  of  alarming  collapse  the 
restorative  is  ether,  hypodermically  injected.  In  low  circulatory  states 
considerable  time  must  elapse  before  a  drug  can  be  absorbed  and  con- 
veyed by  the  blood  to  the  central  nervous  system.  Hence,  a  stimulant 
such  as  strychnine  which  is  minus  local  action  has  in  extreme  collapse 
very  little  worth.  But  a  drug  such  as  ether  which  acts  reflexly  owing  to 
its  severe  local  and  immediate  irritative  properties  is  invaluable.  When 
a  response  has  been  obtained,  strychnine  and  saline  infusions  con- 
taining adrenalin  or  pituitary  extract,  should  be  given  to  prolong  the 
stimulation  until  natural  recovery  ensues. 

In  children,  especially,  it  is  advisable  to  have  in  readiness  a  hypo- 
dermic syringe  full  of  ether,  and  to  observe  carefully  the  blood 
pressure  during  the  spinal  tapping. 

About  a  score  of  deaths  have  been  attributed  to  the  use  of  lumbar 
puncture. 

Sometimes  no  undesirable  phenomena  follow.  Often,  however, 
headache,  vomiting,  lethargy,  and  dizziness  result  which  may  be  min- 
imized or  obviated  by  allowing  the  patient  to  rest  in  bed  for  a  few  hours 
after  the  puncture. 

Results. — By  lumbar  puncture  excess  of  cerebrospinal  fluid  is  re- 
moved. Abnormally  high  intracranial  pressure  is  thus  reduced.  With 
the  reduction  of  pressure  all  pressure  symptoms  diminish;  convul- 
sions and  twitchings  stop;  consciousness  returns;  and  headache  and 
vomiting  and  dizziness  abate.  Edema  of  the  optic  disk,  if  present, 
decreases.  Toxic  matter — bacteria  and  their  products — in  the  exudate 
are  removed  and  an  inrush  of  blood  into  the  meningeal  vessels  and  of 
actively  bactericidal  serum  into  the  lymph  spaces  occurs. 

Examination  of  Cerebrospinal  Fluid.— But  apart  from  the  relief  of 
symptoms,  lumbar  puncture  yields  in  the  cerebrospinal  fluid  a  valu- 
able index  to  the  presence  and  nature  of  an  inflammatory  process. 

The  cryoscopic  examination— the  estimation  of  the  freezing  point 
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of  the  fluid — has  not  yet  proved  of  definite  value  and  probably  will 
not  until  it  is  associated  with  the  examination  of  the  electrical  resist- 
ance of  the  fluid.  The  variation  in  the  normal  amounts  of  the  sugar 
and  galactose  of  the  fluid  have  also  an  uncertain  significance 

JNlayerhofer's  method  of  using  permanganate  titration  as  an  index 
to  the  organic  content  of  the  cerebrospinal  fluid  is  said  to  yield  reliable 
results. 

Xoguchi  claims  that  the  use  of  butjTic  acid  as  a  precipitant  affords 
a  delicate  quantitative  test  for  proteins.  Normal  cerebrospinal  fluid 
contains  2  to  5  parts  per  1000  of  proteins  and  yields  with  butyric  acid 
an  immediate  opalescent  turbidit}^  In  inflammatory  conditions  the 
globulin  content  is  increased  and  the  maximum  normal  turbidity  is 
replaced  by  a  granular  or  flocculent  precipitate,  which  appears  early 
and  separates  as  a  sediment.  Noguchi  maintains  that  the  more  rapid 
and  distinct  the  reaction  the  greater  the  amount  of  protein  present. 
The  amount  of  protein  is  dependent  mainly  upon  the  amount  of  exudate. 
The  exudate  varies  in  quantity  according  to  the  nature  and  to  the 
intensity  of  the  inflammation.  Hence,  from  the  globulin  content 
valuable  deductions  may  be  drawn. 

But  Quincke  has  shown  that  often  excessive  exudation  may  occur 
and  the  globulin  content  be  no  higher  than  normal. 

Normal  cerebrospinal  fluid  does  not  clot.  When  cells  are  injured 
fibrin  ferment  or  its  precursors  are  liberated.  In  inflammatory  pro- 
cesses such  liberation  occurs  and  in  addition  fibrinogen  is  added  to 
the  fluid  of  the  exudate.  Clotting  may  then  result.  Such  clotting 
appears  if  the  cerebrospinal  fluid  be  allowed  to  stand.  The  nature 
and  extent  of  the  clotting  in  certain  diseases  is  said  to  be  characteristic. 
Thus,  in  cerebrospinal  meningitis  a  clot  forms  w^hich  is  diffused  like 
a  cobweb  through  the  fluid;  in  tuberculous  meningitis  a  clot  forms 
around  a  central  point  from  which  fibrin  filaments  radiate.  In  acute 
poliomyelitis  no  clot  forms.  The  presence  and  nature  of  the  clotting 
may  therefore  aid  in  diagnosis. 

After  centrifugalizing  5  c.c.  of  normal  cerebrospinal  fluid,  cautiously 
decanting  the  supernatant  liquid  and  carefully  collecting  (by  means 
of  a  capillary  pipette) ,  fixing,  and  staining  the  minute  trace  of  sediment 
which  may  remain  we  may  find  a  few  leukocytes  in  the  field.  Widal 
states  that  usually  no  cells  are  present;  but  with  a  magnification  of 
400,  3  or  4  lymphocytes  may  sometimes  be  found  in  a  field.  In  inflam- 
matory conditions,  owing  to  cell  exudation,  several  hundred  leukocytes 
may  be  present.  Indeed,  in  1907  on  an  unknown  young  man  brought 
comatose  to  my  hospital  service  I  performed  lumbar  puncture  and 
drew  off  about  4  c.c.  of  pus.  The  number  and  nature  of  the  cells  is  of 
diagnostic  and  of  prognostic  importance.  Thus,  in  cerebrospinal  men- 
ingitis and  in  septic  meningitis,  polymorphonuclear  leukocytes  are 
present  in  such  large  numbers  as  to  render  the  fluid  turbid. 

In  tuberculous  meningitis  the  number  of  lymphocytes  varies  from 
45  to  300  per  cm. ;  the  average  is  100.  In  poliomyelitis  the  lympho- 
cytes range  from  10  to  45,  and  average  20  per  cm.;  when  meningeal 
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symptoms  arise  in  other  infectious  diseases  lymphocytes  may  number 
from  3  to  15  per  cm.  (Nettcr).  A  vast  amount  of  research  has  been 
devoted  to  the  cytology  of  the  cerebrospinal  Huid.  Recent  work  has 
tended  to  show  that  not  only  the  nature  but  also  the  virulence  of  the 
process,  and  the  stage  at  which  the  examination  is  made,  may  radically 
modify  the  cytological  picture.  Thus,  polymorphs  may  be  found  in 
acute  tuberculous  processes,  and  mononuclears  may  be  present  in 
chronic  meningococcic  and  septic  conditions  As  a  general  rule,  however, 
polymorphs  indicate  an  acute  septic  process;  and  mononuclears — when 
more  than  10  per  cm.  are  present — indicate  a  chronic,  usually  a  tuber- 
culous inflammation. 

MENINGISM 

We  have  hitherto  discussed  merely  the  palliative  treatment  of  an 
illness  of  acute  onset  with  meningeal  symptoms.  But  while  urgent 
measures  are  being  taken  for  temporary  relief,  every  effort  should  be 
made  to  identify  the  developing  and  underlying  disease.  Uncertainty 
prevails  chiefly  when  dealing  with  children.  All  the  s^^mptoms  of 
meningitis  may  arise  in  children  solely  from  toxemia.  The  condition 
is  then  know  as  "meningism"  or  "meningismus."  This  meningism 
may  be  quite  indistinguishable  from  meningitis.  It  arises  sometimes 
in  the  course  of  the  acute  summer  diarrhea  of  infancy;  less  frequently 
in  otitis,  pneumonia,  and  influenza;  occasionally  in  diphtheria;  and 
rarely  in  other  acute  contagious  diseases,  such  as  scarlet  fever,  whoop- 
ing cough,  mumps,  etc. 

All  the  symptoms  of  meningitis  may  be  present  in  such  toxic 
meningismic  states,  yet  if  the  essential  disease  abate  they  subside 
quickly,  or  if  death  supervene,  no  morbid  changes  are  evident  in 
the  meninges. 

In  children  presenting  meningeal  symptoms  examination  of  the  lungs 
may  reveal  consolidation,  and  prove  the  nervous  phenomena  merely 
to  be  accompaniments  of  pneumonia  or  diphtheria,  or  even  a  benign 
sore  throat  may  evolve  from  all  the  initial  disturbance;  or  a  rash  may 
quickly  show  that  the  convulsions  and  vomiting  were  merely  the  pre- 
lude to  an  attack  of  scarlet  fever;  or  meteorism,  positive  Widal  reaction, 
enlarged  spleen,  diarrhea,  and  the  temperature  curve  may  disclose 
that  the  apparent  meningitis  was  but  the  commencement  of  typhoid 
fever;  or  the  development  of  bronchitis  or  diarrhea  may  prove  the 
cerebral  symptoms  and  bodily  tenderness  to  have  arisen  from  influenza ; 
or  a  dose  of  calomel  may  show  that  all  the  furore  was  due  merely  to 
dietary  indiscretion  or  perhaps  even  to  intestinal  parasites.  So  great 
apparently  is  the  delicacy  of  the  meninges,  especially  in  children,  that 
these  various  intoxications  readily  induce  a  reaction  intense  enough 
to  simulate  a  meningitis. 

Similar  symptoms  arose  in  a  case  of  pellagra  under  my  care  and 
disappeared  abruptly  after  three  days.  In  a  boy  who  presented  fever, 
irritability,  drowsiness,  head  retraction,  scaphoid  abdomen,  and  spasm 
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of  the  limbs,  but  no  leukocytosis  in  the  cerebrospinal  fluid,  no  macro- 
scopic changes  were  present  in  the  meninges,  but  rabbits  which  were 
inoculated  with  this  brain  developed  rabies  (Bain  and  Maloney). 

Charpentier,  \'allin,  and  others  have  published  cases  in  which  men- 
ingitic  symptoms  arose  in  infants  who  were  suckled  by  wet-nurses 
addicted  to  alcohol.  Budin  narrates  such  a  case  in  which,  after  several 
days  of  sleeplessness  and  restlessness,  violent  prolonged  attacks,  char- 
acterized by  convulsi\'e  movements  supervening  upon  a  state  of  more 
or  less  constant  rigidity,  occurred  in  the  nursling  of  an  alcoholic 
mother.  The  little  one  was  quickly  cured  w^hen  the  maternal  feeding 
was  stopped. 

]\Iany  a  case  suspected  of  meningitis  abruptly  gets  well  and  is  renamed 
meningismus.  What  appears  clinically  to  be  meningism  sometimes 
proves  post  mortem  to  be  meningitis.  Meningism  and  meningitis 
may  both  arise  from  the  same  bacterial  irritants.  At  the  onset  of  what 
later  proves  to  be  a  meningitis  the  same  symptoms  may  arise  as  in  a 
case  of  meningism.  Clinically  and  etiologically  there  is  no  fundamental 
difference  between  the  two  conditions.  Meningism  seems  merely  a 
transient  incipient  stage  of  meningitis. 

Identical  symptom  complexes  must  have  the  same  morbid  basis. 
But  it  is  alleged  that  no  evidence  of  inflammation  exists  in  meningism; 
whereas  in  meningitis  the  cellular  exudate,  tissue  destruction,  and 
repair  and  organization  of  the  inflammatory  products  are  in  some 
degree  always  demonstrable. 

Hyperemia,  edema,  and  increase  of  cerebrospinal  fluid  have  fre- 
quently been  found  post  mortem  in  meningism.  An  increase  in  the 
amount  of  cerebrospinal  fluid  is  detectable  in  the  great  majority  of 
such  cases,  but  the  number  of  cells  is  unchanged. 

Meningism  is  invariably  the  result  of  a  toxemia.  Toxins  act  as 
irritants  to  the  meninges  just  as  they  do  to  other  serous  membranes. 

The  initial  stage  of  inflammation  is  characterized  by  vascular  con- 
gestion and  exudation  of  plasma.  If  the  irritation  be  inadequate  in 
intensity  or  transient  in  action  the  inflammatory  reaction  halts  there 
and  emigration  of  cells  from  the  vessels  and  lymph  spaces  is  inappic- 
ciable.  Under  such  circumstances  the  vascular  disturbances  may  be 
too  trivial  to  injure  permanently  either  the  meningeal  tissue  or  the 
nerve  cells;  and  the  serous  exudate  may  be  too  small  or  too  slowly 
effused  to  produce  pressure  damage.  As  this  irritation  diminishes  the 
effusion  is  absorbed,  the  circulation  resumes  its  ordinary  state,  the 
tissues  return  to  their  normal  condition,  and  function  proceeds  unim- 
paired. In  fact,  the  pathological  changes  necessary  to  explain  the 
symptoms  of  meningism  have  then  been  enacted. 

Meningism  is  merely  the  initial  stage  of  meningitis — a  meningitis 
which  halts  before  the  period  of  cell  destruction.  It  is  incipient  men- 
ingitis which  aborts  either  at  or  before  the  stage  of  cellular  exudation 
and  tissue  change.  As  cases  of  meningism  are  rarely  fatal,  microscopic 
examinations  of  the  tissues  after  meningismic  states  have  hitherto 
been  too  few  and  too  incomplete  to  enable  us  satisfactorily  to  deter- 
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mine  their  pathology.  It  is  interesting  here  to  remember  the  cases 
of  tuberculons  meningitis  sans  lesion  described  by  French  pathologists. 
Voisin's  histological  research  upon  the  central  nervous  system  of  fatal 
cases  of  pneumonia  in  children  proved  that  even  when  meningeal 
symptoms  were  not  evident  in  the  clinical  course,  inflammatory  changes 
were  usually  demonstrable  in  the  meninges. 

Meningism  is  etiologically,  clinically,  and  pathologically  a  menin- 
gitis in  which  the  disease  does  not  progress  beyond  the  initial  stage. 

With  the  amelioration  of  the  essential  condition  the  meningeal 
irritation  subsides  and  the  symptoms  disappear.  The  meningitic 
reaction  to  the  toxemia  of  diarrheal  states  in  infants  rarely  proceeds 
further  than  an  increase  in  the  cerebrospinal  fluid.  The  prognosis  of 
such  states  is  the  prognosis  of  the  intestinal  condition.  Their  treatment 
is  that  of  the  inflamed  bowel — freedom  from  all  food,  except  water, 
until  the  bowel  is  tranquillized;  warm  baths  to  combat  the  collapse 
and  to  quiet  the  convulsions,  and  subcutaneous  administration  of 
salines  to  dilute  the  circulating  toxins  and  to  replace  fluids  drained 
off  in  the  diarrhea.  Rarely  colon  bacilli  are  found  in  a  purulent 
meningitis. 

In  acute  infectious  diseases  where  an  antitoxin  is  available,  as  in 
diphtheria,  it  should  be  given.  The  ordinary  dietetic,  symptomatic, 
and  expectant  treatment  of  the  acute  infectious  disease  should  be 
followed. 

Meningism  and  Serous  Meningitis. — Quincke  has  described  many 
cases  of  what  he  calls  acute  serous  meningitis.  This  meningitis  he 
considers  to  be  either  non-organismal  or  caused  by  organisms  so  few 
in  number  or  so  low  in  vitality  that  only  serous  and  not  cellular 
exudation  results.  The  following  is  one  of  Quincke's  reports  and  in 
its  general  features  is  typical  of  all. 

Case  4l. — Martha  L.,  aged  nine  years.  For  several  weeks  somewhat 
deaf.  On  December  1  became  acutely  ill:  excited,  confused,  vomiting, 
temperature  41°  C.    Subsequently  only  conscious  at  intervals. 

December  4,  Admitted  to  hospital.  Temperature  between  40°  and 
41°  C;  somewhat  stuporous;  headache;  neck  very  stiff  and  very  tender. 
Paralysis  of  the  left  sixth ;  optic  disk  slightly  blurred ;  veins  distended ; 
pneumonia  of  right  lower  lobe. 

December  5.  Lumbar  puncture.  Pressure  350  mm.,  7  c.c.  with- 
drawn. Pressure  fell  to  200  mm.  Cerebrospinal  fluid  clear. 

December  6.    Pneumonic  consolidation  more  marked.  Coughing. 

December  7.  Temperature  fell  by  crisis  in  the  night.  Head  symp- 
toms less. 

December  8.  Discharge  of  pus  from  both  ears.  Large  perforation 
detectable  in  right;  small  in  left  tympanum.  Staphylococci  in  the 
pus.    Rapid  resolution  of  the  pneumonia. 

December  21.    Discharged  cured,  "with  cicatrized  tympani." 

This  case  is  nothing  more  nor  less  than  a  case  of  meningism  appear- 
ing in  a  child  in  the  course  of  an  intoxication  from  a  double  infec- 
tion.   With  this  case,  in  which  the  origin  of  the  toxemia  is  evident. 
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Quincke  reports  numerous  others  in  which  from  some  unknown  source 
auto-intoxication  arose  periodically— sometimes  in  association  with 
the  menses — and  produced  transient  meningeal  symptoms.  He  and 
others  describe  cases  arising  from  excitement,  exhaustion,  trauma,  and 
infection. 

Serous  meningitis  may  arise,  just  as  meningism,  from  infection  by  the 
pneumococcus,  streptococcus,  staphylococcus,  B.  tuberculosis  (Lyon- 
nert's  four  cases),  B.  colon  communis,  B.  typhosus,  the  microorganism 
of  rabies  (Bain  and  Maloney),  and  other  organisms.  Probably  when 
bacteriological  and  chemical  methods  are  improved,  investigation  will 
show  all  of  these  cases  to  be  due  to  microbic  or  autogenous  irritants. 
E^•ery  organism  already  identified  with  serous  meningitis  is  capable  of 
producing  a  purulent  meningitis.  In  serous  meningitis  these  organisms 
are  either  less  virulent  or  less  numerous  than  in  purulent  meningitis. 
Hence,  serous  meningitis  differs  from  graver  types  of  meningeal  inflam- 
mation, chiefly  in  the  attenuated  dose  of  the  exciting  irritants. 

There  seems  to  be  no  difference  between  meningism  and  acute  serous 
meningitis.  Each  is  merely  an  immature  form  of  meningitis.  When 
such  an  abortive  meningitis  occurs  in  an  infant  the  name  meningismus 
is  invoked;  when  in  an  adult,  acute  serous  meningitis.  The  essential 
distinction  between  meningism  and  acute  serous  meningitis  is  the 
patient's  age. 

Under  the  appropriate  treatment  for  pneumonia,  tj'phoid,  otitis 
or  other  existing  primary  diseases  the  meningism  or  the  acute  serous 
meningitis  may  pass  off  entirely.  All  the  measures  which  have  been 
previously  outlined  for  the  tranquillization  of  patients  with  meningeal 
symptoms  have  here  their  application.  But  the  most  important  is 
lumbar  puncture.  Doubt  may  exist  as  to  the  efficacy  of  lumbar  puncture 
in  the  treatment  of  tuberculous,  cerebrospinal,  or  other  forms  of  men- 
ingitis, but  no  doubt  can  be  entertained  regarding  its  value  in  these 
abortive  cases.  Many  or  perhaps  most  of  the  symptoms  in  meningism 
and  acute  serous  meningitis  are  due  to  high  intercranial  tension.  This 
high  tension  is  caused  by  the  increase  in  the  amount  of  the  cerebro- 
spinal fluid.  Rarely  meningismic  symptoms  appear  when  no  such 
fluid  increase  is  detectable.  Apparently  a  preexudative  stage  then 
exists,  a  stage  in  which  no  reaction  has  taken  place.  In  the  vast  major- 
ity of  cases,  however,  increased  pressure  is  present.  The  therapeutic 
value  of  lumbar  puncture  is  then  marvellous.  Headache  abates,  rigid- 
ity diminishes,  convulsions  and  twitchings  cease;  often  the  lumbar 
puncture  seems  to  cure  the  disease  as  if  by  crisis. 

The  other  remedy  indicated  is  urotropin.  By  its  aid  we  can  procure 
that  only  a  meningismus  or  a  serous  meningitis  evolves,  and  that  the 
meningeal  inflammation,  indeed,  aborts.  Baths,  purging,  sedatives,  and 
the  other  symptomatic  measures  already  indicated  arc  also  useful. 

Toxins  alone  produce  a  fully  developed  meningitis.  In  fact,  Cormand- 
Delille  profluced  caseous  tuberculous  meningitis  in  animals  by  intro- 
ducing the  toxic  products  of  the  tubercle  bacillus  into  the  subarachnoid 
space.  Laignel  Lavastine  demonstrated  changes  in  the  cerebral  cortex 
VOL.  n — 19 
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in  general  tuberculosis,  in  which  no  organismal  invasion  of  the  central 
nervous  system  could  be  detected.  Voisin's  work  on  the  occurrence 
of  cerebral  changes  in  pneumonia  may  here  be  mentioned  again  {vide 
p.  288). 

Although  the  initial  stage  of  a  meningitis  is  the  same  morbid  process 
as  in  meniugism  or  acute  serous  meningitis,  the  fact  that  certain  organ- 
isms or  their  toxins  rarely  produce  a  meningitis  so  severe  as  to  lead  to 
cellular  exudation  or  to  more  than  transient  affection  of  the  central 
nervous  system  justifies  the  retention  of  the  terms  meningism  and 
acute  serous  meningitis. 

CEREBROSPINAL  MENINGITIS 

Cerebrospinal  meningitis  is  infective  and  contagious.  Its  infecti^'ity 
is  slight;  in  hospitals,  infection  practically  does  not  occur;  in  a  family, 
as  a  rule,  only  a  single  case  occurs,  and  cases  are  on  record  of  a  sound 
child  scathlessly  sharing  the  bed  of  an  affected  child.  One  of  the 
main  means  of  spread  of  the  malady  is  by  disease  carriers — ^persons 
who  without  being  ill  themselves  transmit  the  organism  to  others. 
Scarcely  less  dangerous  are  the  mild  abortive  or  ambulatory  types  of 
the  disease.  The  disease  affects  chiefly  children  and  young  adults.  The 
principal  path  of  entrance  of  the  organism  is  the  upper  air  passages. 
Upon  these  few  facts  the  prophylactic  treatment  is  based. 

Prophylactic  Treatment. — Prophylactic  treatment,  however,  requires 
the  concurrence  of  the  masses.  The  interest  of  the  populace  has 
scarcely  dawned;  concurrence  is  half-hearted  or  lacking;  indeed,  active 
opposition  prevails. 

Until  we  can  educate  public  intelligence  to  be  tolerant  to  the  restric- 
tions necessary  for  the  preservation  of  the  health  of  the  community, 
prophylactic  measures  against  meningitis  must  share  the  fate  of  the 
preventives  against  smallpox,  malaria,  typhoid  fever,  tuberculosis, 
syphilis,  and  other  plagues.  Only  in  the  bitterness  of  visitation,  when 
meningitis  devastates  a  district — as  it  lately  did  in  Texas — so  that 
social,  business,  and  political  influences  are  dwarfed  by  its  appalling 
presence,  is  concerted  action  taken  by  the  community  to  eradicate 
and  to  prevent  it. 

In  times  of  epidemics  the  congregation  of  children  should  be  stopped 
by  closing  schools,  playgrounds,  and  other  resorts  of  child  society. 
Cases  should  be  rigorously  segregated.  Segregation  is  thought  to  be 
impractical  because  of  the  existence  of  healthy  carriers  of  the  organisms 
and  of  ambulatory  forms  of  the  disease.  But,  as  completely  as  possible, 
every  infective  person  should  be  isolated.  Every  infected  person 
taken  out  of  the  community  removes  a  centre  for  the  creation  not  only 
of  cases  of  the  disease  but  also  of  disease  carriers.  These  disseminators 
of  the  disease  need  not  be  treated  as  sick,  but  they  must  be  eliminated 
from  the  society  of  the  healthy  until  they  become  non-infective  and 
harmless.   To  trace  them  is  often  difficult.   Compulsory  notification 
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of  cerebrospinal  meningitis  should  be  enforced  under  heavy  penalties. 
The  origin  of  every  infection  should  be  sought  without  ceasing.  The 
ticketing  of  affected  houses  and  their  isolation  is  desirable.  Exami- 
nation of  the  nasopharyngeal  mucus  of  all  inmates  and  habitues  of 
affected  dwellings  should  be  made.  "  It  is  not  rare,"  says  Wassermann, 
"to  find  for  one  patient  sixty  healthy  persons  in  whose  nasal  mucus 
meningococci  can  be  demonstrated."  The  frequent  syringing  of  the 
nasopharynx  W'ith  a  1  per  cent,  solution  of  hydrogen  peroxide  or  with 
a  1  in  200  solution  of  formaldehyde  will  sterilize  these  infected  naso- 
pharyngeal cavities.  The  administration  of  urotropin  in  10-graiil 
doses  twice  daily  to  each  exposed  person  tends  to  protect  them  against 
the  disease.  The  malady  can  be  confined  to  the  house  implicated 
and  to  the  initial  patient.  Still  more  efficacious  as  a  prophylactic 
measure  is  the  injection  of  meningococcic  antitoxin.  The  antitoxin 
is  injected  subcutaneously.  A  single  dose  of  10  c.c.  is  given.  Its 
results  seem  to  be  very  satisfactory. 

Diagnosis. — As  regards  the  actual  treatment  of  the  condition  the 
first  essential  is  to  be  sure  of  the  diagnosis.  In  times  of  epidemic 
delay  is  dangerous.  A  child  showing  meningeal  symptoms  should  at 
once  have  the  benefit  of  an  injection  of  an  antimeningococcic  serum. 
In  sporadic  cases  a  physician  is  more  conservative.  The  possibility  of 
meningitis  being  due  to  the  meningococcus  exists  always,  but  the  possi- 
bility of  the  occurrence  of  a  sporadic  case  of  cerebrospinal  meningitis,  in 
an  otherwise  free  neighborhood,  is  less  than  that  of  tuberculous  or  septic 
meningitis.  As  the  injection  of  antimeningococcic  serum  involves  no 
danger,  for  in  cases  of  meningitis  which  are  not  due  to  meningococci  it 
is  merely  useless,  and  as  in  cerebrospinal  meningitis  its  efficacy  depends 
upon  its  early  administration,  its  routine  employment  at  the  first 
suspicion  of  meningitis  is  strongly  commended.  The  absence  of  detect- 
able tuberculosis  in  the  child ;  the  lack  of  meteorism,  of  diarrhea,  and 
of  Widal  reaction;  the  severity  of  the  initial  vomiting;  the  sudden 
high  temperature,  not  rarely  above  40°  C. ;  the  presence  of  herpes  labialis, 
the  early  rigidity  of  the  neck  and  back,  with  Kernig's  sign,  all  arouse 
suspicion  of  cerebrospinal  meningitis.  Lumbar  puncture  usually 
establishes  the  diagnosis.  The  fluid  is  at  high  pressure  and  is  turbid. 
It  is  characteristically  coagulable.  The  sediment  deposited  is  consider- 
able, but  the  protein  content  of  the  supernatant  fluid  is  low.  A  great 
number  of  polymorphonuclear  leukocytes  are  present,  many  of  wdiich 
enclose  the  Diplococcus  intracellularis  meningitidis  of  Welch selbaum. 
The  presence  of  this  organism  may  be  demonstrated  in  the  mucus  of 
the  nose  and  throat  also. 

Antitoxin  Treatment. — If  the  presence  of  cerebrospinal  meningitis 
be  certain,  antitoxin  should  at  once  be  given.  A  great  number  of 
antitoxins  are  available.  All  are  prepared  in  the  same  way;  all  consist 
of  the  serum  of  an  animal  which  has  been  actively  mmunized  against 
the  meningococcus  by  repeated  injection  of  various  strains  of  meningo- 
cocci in  progressively  increasing  doses.  The  initial  injection  consists 
of  toxin  or  dead  organisms;  then  living  organisms  are  used  of  a  virulence 
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which  may  gradually  be  exalted.  Wassermann,  Jochmann,  Flexner, 
Dopter,  and  others  have  prepared  such  antitoxins  and  demonstrated 
their  value.  Formerly  subcutaneous  injections  were  employed.  Failure 
materially  to  influence  the  course  of  the  disease  often  resulted.  But 
with  the  adoption  of  intraspinal  administration  the  reliability  and 
efficacy  of  this  mode  of  treatment  have  placed  it  among  the  greatest 
achievements  of  modern  therapy.  This  specific  treatment  should  be 
given  at  the  earliest  possible  moment.  Indeed,  I  have  already  indi- 
cated that  its  prophylactic  administration  in  the  healthy  and  its  use  in 
the  suspiciously  ill,  are  our  two  most  powerful  weapons  in  combating 
epidemics. 

Results. — The  results  are  little  less  than  marvellous.  Often  the  tem- 
perature falls  at  once,  the  sj^'mptoms  abate,  and  the  disease  ends  as 
by  crisis  in  a  few  hours.  More  usually  the  severity  of  the  illness 
steadily  diminishes,  the  vomiting  ceases  or  becomes  less  frequent, 
profuse  sweating  occurs,  the  patient  begins  to  take  nourishment,  and 
within  twenty-four  hours  the  alarming  aspect  of  the  case  disappears. 
Complications  are  rarer  and  less  dangerous,  and  the  duration  of  the 
malady  is  greatly  lessened  under  the  action  of  the  antitoxin. 

Types  of  Reaction. — Levy  distinguishes  three  types  of  reaction.  In 
the  first,  after  the  initial  injection,  the  temperature  immediately  falls 
but  rises  again;  after  the  second  injection  the  temperature  subsides 
by  steps  to  a  normal  level.  Coincident  with  the  lowering  of  the  fever 
a  progressive  amelioration  of  the  symptoms  occurs. 

In  the  second  the  feyer  tends  to  persist,  but  the  headache,  optic 
neuritis,  and  rigidity  of  the  neck  lessen  continuously  and  alimentation 
becomes  easy;  the  symptoms  gradually  disappear:  cases  of  this  type 
are  liable  to  relapse. 

In  the  third  no  marked  results  follow  the  injections,  but  the  case 
mortality  is  lowered. 

In  the  great  majority  of  cases  the  immediate  result  of  the  injection 
is  a  lowering  of  temperature  and  a  marked  improvement  in  all  sub- 
jective symptoms.  No  case  is  hopeless.  Recovery  after  the  disap- 
pearance of  the  skin,  knee,  and  plantar  reflexes,  after  incontinence, 
and  even  coma,  is  not  uncommon. 

Owing  to  the  great  reflex  irritability  it  may  be  desirable  before 
attempting  the  intraspinal  injection  to  administer  a  sedative  injection 
of  morphine  and  to  employ  local  anesthesia.  The  volume  of  cerebro- 
spinal fluid  allowed  to  flow  should  be  greater  than  that  of  the  serum 
injected.  For  example,  40  to  60  c.c.  of  fluid  may  be  cautiously  with- 
drawn and  20  c.c.  of  serum  injected.  The  serum  should  first  be  heated 
to  body  temperature,  but  no  higher.  If  pain  occur  during  the  injection 
it  will  be  only  momentary.  After  the  injection  the  pelvis  should  be 
raised  and  the  head  lowered  so  that  gravity  may  assist  the  circulation 
of  the  serum  within  the  thecal  canal. 

Dosage. — Various  doses  are  advocated.  Wassermann  and  Liebler 
recommend  that  to  children  under  one  year,  10  c.c.  should  be  given; 
to  children  over  one  year,  20  c.c. ;  to  adults,  25  to  30  c.c.  Jochmann 


CEREBROSPINAL  MENINGITIS 


293 


counsels  that  20  c.c.  be  employed  for  those  under  fourteen  years; 
10  c.c.  for  those  less  than  one  year.  In  severe  eases  even  larger  doses 
are  advisable. 

Early  Administration. — The  great  factor  in  the  success  of  the  treat- 
ment is  the  early  administration  of  the  serum.  If  the  disease  be 
recognized  at  the  onset  and  the  serum  be  given  at  once  the  further 
progress  of  the  illness  may  be  prevented.  The  injections  should  be 
repeated  at  short  intervals  of  about  eight  to  twenty-four  hours.  No 
more  than  two  days  should  be  allowed  to  intervene  between  each 
injection.  When  three  or  four  days  have  been  permitted  to  elapse, 
death  from  anaphylaxis  has  occasionally  resulted.  The  injection  should 
be  continued  until  the  cerebrospinal  fluid  is  clear  to  the  unaided  eye 
and  the  headache,  anorexia,  vomiting,  neck  rigidity,  optic  neuritis,  etc., 
are  markedly  ameliorated.  Sometimes  three  or  four  injections  are 
necessary  before  improvement  is  evident.  Usually  the  total  amount 
of  serum  given  ranges  from  40  to  90  c.c,  but  as  much  as  210  c.c.  has 
been  administered. 

The  action  upon  the  individual  case  has  already  been  dealt  with. 
The  effect  upon  the  death  rate  is  wonderful.  Wassermann  states  that 
the  mortality  without  serum  treatment  varies  from  30  to  60  per  cent, 
in  different  epidemics.  In  the  epidemic  in  the  Rhenane  province  and 
Westphalia,  which  was  reported  by  E.  Levy,  the  death  rate  among  those 
not  treated  by  the  specific  serum  was  78  to  80  per  cent. ;  whereas  among 
those  treated  with  the  serum  it  was  only  12  to  15  per  cent.  Chatelet 
and  Friand,  as  the  result  of  their  researches,  decide  that  the  average 
case  mortality  before  the  use  of  antimeningococcic  serum  was  30  to  40 
per  cent.  They  publish  notes  of  an  outbreak  of  30  cases  which  occurred 
at  the  garrison  at  Verdun  and  which  they  treated  with  serum.  Only 
one  case  ended  fatally.  Jochmann  estimates  the  reduction  of  the  case 
mortality  by  the  serum  treatment  as  25  to  35  per  cent.  If  large  and 
repeated  doses  be  given  in  the  early  stages  of  the  disease  the  success 
of  the  serum  treatment  of  cerebrospinal  meningitis  will  rival  that  of 
the  antitoxin  treatment  of  diphtheria. 

Sometimes  the  action  of  the  serum  is  accompanied  by  marked  albu- 
minuria of  a  transient  nature.  The  usual  accidents  of  serum  therapy, 
urticaria,  erythemas,  and  joint  effusions,  may  supervene.  These  usually 
are  preventable  by  the  administration  of  atropine  or  of  calcium  chloride. 
Death  from  anaphylaxis  may  occur.  Vigot  reports  such  a  case  and 
refers  to  others  published  by  Hutinel  and  Darre,  Sicard  and  Salin.  In 
order  to  avoid  this  danger  massive  doses  following  fast  upon  one 
another  should  be  given  early  in  the  disease.  If  uncertainty  exists,  for 
instance  in  the  case  of  a  relapse,  as  to  the  presence  of  anaphylaxis, 
instead  of  injecting  the  serum  into  the  spinal  canal,  a  tentative 
minute  dose  should  be  given  per  rectum  or  subcutaneously  and  its 
effect  carefully  observed  before  more  radical  treatment  be  attempted. 

If  the  treatment  be  delayed  until  permanent  damage  has  been  pro- 
duced the  serum,  although  it  can  arrest  and  stamp  out  the  inflam- 
mation, cannot  remedy  nerve  destruction.  Thus  if  an  optic  neuritis 
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be  severe,  although  it  may  disappear  under  serum  treatment,  some 
degree  of  optic  atrophy  is  sure  to  remain.  Similarly,  nerve  deafness 
may  result.  But  from  the  moment  of  administration  of  the  serum 
inflammation  of  nerves  halts  and  begins  to  retrogress. 

Purulent  e^-e,  ear,  and  joint  conditions,  albuminuria  and  glycosuria 
may  complicate  the  disease.  Under  serum  therapy  such  complications 
are  rare,  of  short  duration,  and  of  mild  degree. 

When  after  adequate  and  repeated  exhibition  of  the  serum  the  dis- 
ease does  not  abate,  then  one  should  suspect  the  accuracy  of  the  diag- 
nosis. The  inoculation  of  a  guinea-pig  may  prove  the  meningitis  to 
be  tuberculous. 

The  other  measures  already  described  for  the  treatment  of  septic 
meningitis — ^the  administration  of  urotropin,  the  repeated  withdrawal 
of  cerebrospinal  fluid  by  lumbar  puncture,  careful  feeding,  periodic 
withdrawal  of  urine  in  cases  of  retention,  etc.,  must  reinforce  the  serum 
treatment.  For  details  regarding  their  employment  the  reader  is 
referred  to  pp.  278  and  280. 

The  treatment  for  cerebrospinal  meningitis  is  antimeningococcic 
serum,  which  alone  is  specific,  safe,  reliable,  and  adequate. 

MENINGITIC  FORM  OF  ACUTE  POLIOMYELITIS 

As  the  most  constant  of  all  pathological  lesions  in  acute  poliomyelitis 
is  a  cellular  infiltration  of  the  pia,  it  is  not  surprising  that  this  disease 
should  sometimes  convincingly  resemble  some  form  of  meningitis.  It 
is  itself  essentially  a  meningitis  to  which  a  myelitis  or  an  encephalitis 
is  added.  Headache,  vomiting,  pain  and  rigidity,  and  spasm  of  the 
muscles,  all  the  symptoms  of  meningitis,  may  occur  in  poliomyelitis. 
So  persuasively  may  meningitis  be  simulated  by  poliomyelitis  that 
few  epidemics  of  poliomyelitis  have  been  recorded  in  which  the  synchro- 
nous outbreak  of  meningitis  has  not  been  reported.  Thus,  Leegaard 
in  his  classic  report  of  the  Norwegian  epidemic  of  acute  poliomyelitis 
of  1903  reported  synchronous  cases  which  he  thought  were  cerebro- 
spinal meningitis.  Netter  in  Paris  and  Caverly  and  MacPhail  in 
America  also  reported  that  cerebrospinal  meningitis  and  poliomyelitis 
may  occur  simultaneously.  Indeed,  a  belief  was  formerly  current  that 
these  two  diseases  are  related. 

Further  experiences,  especially  in  the  recent  appalling  epidemics 
of  poliomyelitis,  have  shown  this  belief  to  be  unfounded.  Now  these 
cases  of  poliomyelitis  have  been  segregated  and  are  regarded  as  a 
separate  group — the  meningitic  type  of  acute  poliomyelitis.  As  this 
type  differs  from  an  ordinary  meningitis  only  in  the  subsequent  historj^ 
of  the  ailment  it  is  necessary  to  consider  it  here. 

Symptoms. — The  various  symptoms  already  enumerated  for  men- 
ingitis may  all  be  present  in  acute  poliomyelitis.  Almost  any  symptom 
may  predominate;  almost  any  possible  combination  of  symptoms  may 
be  present.  In  some  cases  the  signs  of  meningeal  irritation,  although 
alarming,  are  evanescent.   In  others  the  meningeal  signs  become  more 
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and  more  evident  until  the  malady  ends  fatally.  In  others,  again, 
characteristic  palsies  appear  after  a  few  days  and  leave  no  doubt  as 
to  the  diagnosis. 

In  the  mildest  cases  only  pain  in  the  neck  develops.  Frequently, 
however,  rigidity  of  the  neck  is  also  present,  although  it  may  be  so 
slight  as  to  be  demonstrable  only  on  bending  the  head  forward.  In 
more  severe  cases  the  head  may  be  retracted,  sometimes  markedly. 
Wickmann  states  that  head  retraction  may  be  present  without 
muscular  spasm  being  evident.  Not  seldom  to  these  symptoms  is 
added  stiffness,  with  pain  in  the  back;  occasionally,  orthotonos;  more 
rarely,  opisthotonos;  sometimes  tenderness  of  the  spinous  processes  of 
the  vertebrae  may  be  present.    Kernig's  sign  has  been  noted. 

These  signs  of  meningeal  irritation  are  particularly  evident  in  the 
initial  stage  of  the  disease,  the  stage  in  which  the  invasion  of  the  pia 
occurs.  Netter  states  that  one-third  of  the  cases  of  poliomyelitis 
begin  with  distinct  symptoms  of  meningeal  irritation. 

Wickmann  cites  the  two  following  cases  as  typical  of  the  meningeal 
form  of  acute  poliomyelitis: 

The  first  developed  convulsions,  marked  somnolence,  stiffness  of 
the  neck,  opisthotonos,  hyperesthesia,  persistent  tonic  spasm  of  the 
limbs,  strabismus,  inequality  of  the  pupils,  and  retention,  with  sub- 
sequent incontinence  of  urine.  All  these  symptoms  disappeared  within 
two  weeks  and  left  no  trace. 

The  second,  an  adult,  had  fever,  headache,  vomiting,  pain  and  stiff- 
ness in  the  neck,  and  tonic  spasm  in  some  of  the  muscles  of  the 
shoulders  and  arms.  Later,  cramps  in  the  legs  appeared;  then  opis- 
thotonos; and  finally,  difficulty  in  speech  and  in  swallowing  devel- 
oped. Death  came  three  days  after  the  illness  began.  Postmortem 
examination  showed  in  the  spinal  cord  the  changes  typical  of  acute 
poHomyelitis. 

Diagnosis. — The  diagnosis  of  the  cause  of  the  disease  is  often  a 
matter  of  extreme  difficulty.  Mention  has  already  been  made  of  the 
fact  that  so  similar  clinically  is  the  meningitis  caused  by  the  virus  of 
acute  poliomyelitis  to  that  which  arises  from  the  meningococcus  intra- 
cellularis  that  these  diseases  were  formerly  supposed  to  have  some 
fundamental  relation  to  one  another,  and  reports  of  the  prevalence  of 
cerebrospinal  meningitis  during  epidemics  of  acute  poliomyelitis  are 
common. 

There  is,  of  course,  absolutely  no  connection  between  the  two  condi- 
tions. How  are  they  so  often  confounded?  How  can  they  be  differen- 
tiated ? 

When  a  crop  of  cases  of  meningitis  springs  up  the  physician's  first 
thought  is  that  there  is  an  epidemic.  The  only  epidemic  form  of  men- 
ingitis which  is  generally  known  is  cerebrospinal  meningitis.  Hence, 
the  erroneous  diagnosis  is  suggested.  Even  when  the  case  is  very 
carefully  examined  its  real  nature  may  not  be  positively  ascertainable 
(cf.  the  four  cases  reported  from  the  Karolinen  Kinderspital,  page  298). 

If,  after  a  short  febrile  period,  flaccid  paralysis  develops  a  diagnosis 
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of  poliomyelitis  is  justified.  The  differential  diagnosis  from  similar 
conditions  due  to  other  infections,  during  the  preparalv'tic  stage,  will 
be  discussed  in  the  section  on  acute  poliomyelitis.  Here  we  shall  con- 
sider only  the  separation  of  this  disease  from  cerebrospinal  meningitis 
and  tuberculous  meningitis. 

A  relatively  brusque  onset,  characteristic  herpes  labialis,  early  and 
marked  rigidity  of  the  neck,  high  temperature,  psychic  disturbances, 
prominence  of  the  cerebral  symptoms,  all  tend  to  a  diagnosis  of  cere- 
brospinal meningitis. 

An  insidious  onset,  changes  in  temperament,  relatively  low  degree 
of  fever,  photophobia,  mild  type  of  vomiting,  with  ordinary  signs  of 
meningeal  irritation,  among  which  headache,  constipation,  and  scaphoid 
abdomen  are  often  emphasized,  are  suggestive  of  tuberculous  meningitis. 
The  presence  of  tuberculosis  elsewhere  would  practically  confirm  the 
diagnosis. 

But  certainty  in  diagnosis  from  merely  clinical  observation  is  difficult 
to  attain.  Only  in  the  data  obtained  from  lumbar  puncture  can  we 
place  implicit  reliance.  In  all  three  conditions  the  fluid  is  at  high 
pressure.  In  cerebrospinal  meningitis  it  is,  however,  turbid,  shows 
polymorphonuclear  leukocytosis,  and  usually  the  intracellular  menin- 
gococci can  be  detected. 

Lumbar  puncture  in  tuberculous  as  in  the  meningitis  of  acute  polio- 
myelitis yields  a  clear  fluid  which  is  under  increased  pressure.  The 
fluid  in  both  shows  lymphocytosis,  the  average  in  tuberculous  being  160 
lymphocytes  per  centimeter;  in  acute  poliomyelitis,  20  per  centimeter. 
The  fluid  coagulates,  but  in  tuberculous  meningitis  the  clot  forms  about 
a  characteristic  central  thread,  whereas  in  poliomyelitis  it  is  diffuse 
and  crumbling.  As  has  already  been  shown,  the  resemblance  between 
these  two  conditions  may  be  very  remarkable.  If  the  presence  of 
tubercle  bacilli  can  be  demonstrated  the  diflficulty  at  once  disappears. 
Upon  the  appearance  of  the  characteristic  flaccid  paralysis,  with  dimi- 
nution of  tendon  reflexes,  atrophy  and  reaction  or  degeneration,  no 
further  doubt  exists  as  to  the  diagnosis. 

Treatment. — Prophylactic  Treatment. — The  labors  of  Wickmann  have 
shown  that  acute  poliomyelitis  is  an  infectious  disease,  which  is  con- 
veyed from  person  to  person.  Wickmann  found  also  that  the  disease 
tended  to  occur  in  groups,  to  radiate  from  a  common  centre,  and  to 
diffuse  along  highways.  He  showed  that  healthy  intermediaries — 
so-called  carriers — were  a  fertile  source  of  infection.  Indeed,  the 
conditions  which  prevail  in  acute  poliomyelitis  are  precisely  analogous 
to  those  in  cerebrospinal  meningitis  and  demand  the  same  preventive 
measures  {vide  p.  290).  But,  whereas,  in  cerebrospinal  meningitis  we 
can  demonstrate  the  presence  of  the  causal  organism  in  the  nasal 
mucus  (mde  p.  291)  of  the  disease  carriers,  in  poliomyelitis  we  possess 
no  such  guide.  Only  the  track  of  the  disease  indicates  the  identity' 
of  a  disease  carrier.  Similarly,  abortive  cases  can  be  diagnosticated 
only  presumptively.  Hence,  effective  isolation  is  impossible  and  pro- 
phylaxis is  imperfect. 
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As  the  intestinal  and  nasal  mucosfie  and  the  salivary  glands  are 
excretory  channels  for  the  virus'  the  destruction  of  their  secretion  is 
advisable.  One  per  cent,  solution  of  hydrogen  peroxide  will  destroy 
the  virus  in  the  buccal  and  nasal  cavities.  The  following  powder  has 
also  been  recommended  for  this  purpose: 

I^— Menthol  1.2  grams 


Specific  Treatment. — Serum  treatment  in  this  disease  is  still  in  its 
infancy.  It  has  been  proved  that  monkeys  which  have  recovered  from 
a  first  attack  resist  successfully  a  second  inoculation.  Antibodies  can 
be  demonstrated  in  the  blood  of  such  immune  monkeys  and  in  that  of 
children  who  have  recovered  from  the  disease.  It  has  also  been  proved 
that  even  when  the  disease  is  so  slight  as  to  produce  no  characteristic 
clinical  symptoms  this  immunity  may  be  present.  Every  requisite, 
therefore,  seems  here  to  be  present  for  the  production  of  both  active 
and  passive  immunization  against  the  virus  of  acute  poliomyelitis. 
Monkeys  have  been  successfully  immunized  by  a  method  analogous 
to  the  Pasteur  inoculation  for  rabies.  Hitherto  immunization  has 
practically  not  been  attempted  for  man. 

Symptomatic  Treatment. — The  measures  already  enumerated  for  the 
relief  of  the  symptoms  of  meningeal  irritation  should  be  employed. 
Wet  packs,  urotropin,  and  especially  lumbar  puncture  are  of  great 
service.   (For  further  details  see  Treatment  of  Acute  Poliomyelitis.) 


Prophylaxis. — The  preventive  treatment  of  tuberculosis  of  the  men- 
inges does  not  differ  in  any  essential  particular  from  that  employed 
to  prevent  tuberculosis  elsewhere.  The  enforcement  of  the  laws  of 
public  and  private  hygiene;  milk  sterilization,  fresh  air,  good  food,  and 
sunshine;  the  treatment  of  existing  tuberculous  conditions  in  other 
regions;  the  early  evacuation  of  tuberculous  abscesses,  especially  those 
which  occur  in  the  neighborhood  of  cranial  or  vertebral  bones,  are 
all  safeguards  which  are  self-evident. 

The  degree  of  an  individual's  resistance  to  any  organism  can  be 
estimated.  When  a  person  has  a  normal  resistance  he  is  said  to  have  a 
normal  opsonic  index  with  regard  to  that  organism.  The  resistance 
of  a  person  to  tubercle  bacilli  can  be  ascertained  easily.  By  the 
injection  of  tuberculin  in  adequately  minute  doses  a  low  resistance 
can  be  exalted,  a  low  opsonic  index  to  the  tubercle  bacillus  can  be 
raised.  As  the  technique  is  complicated  and  the  danger  of  ignorance 
considerable  this  mode  of  therapy  has  so  far  had  only  a  limited  field. 

Diagnosis. — The  recognition  of  tuberculous  meningitis  is  often 
extremely  difficult.  The  absence  of  cerebrospinal  meningitis  in  epi- 
demic form,  of  herpes  labialis,  of  polymorphonuclear  leukocytosis 
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in  the  blood,  and  of  severe  vomiting  is  presumptive  evidence  against 
the  presence  of  a  meningococcal  infection.  The  blood  picture  and  the 
absence  of  pulmonary  signs  render  a  pneumococcal  invasion  unlikely. 
Constipation,  absence  of  meteorism,  negative  Vv'idal,  and  rigidity  of 
the  back  or  opisthotonos  suggest  that  typhoid  fever  is  improbable. 
An  insidious  onset,  with  irritability,  change  of  temperament,  apathy 
or  somnolence,  and  headache  is  supposed  to  be  a  customary  mode  of 
onset,  but  nervous  people  are  thus  affected  at  the  beginning  of  most 
toxic  conditions.  Photophobia  occurs  frequently  in  tuberculous  men- 
ingitis; in  the  posterior  basic  form  in  which  cerebrospinal  meningitis 
may  appear  sporadically,  retraction  of  the  upper  lid  may  be  observed. 
Tubercles  in  the  choroid  may  prove  conclusively  the  nature  of  the 
affection.  The  difficulty  of  diagnosis  could  not  better  be  illustrated 
than  by  four  cases  admitted  to  and  reported  from  the  Karolinen  Kinder- 
spital.  For  a  week  or  more  the  well-known  prodromal  symptoms  of 
basic  meningitis  prevailed.  Not  only  were  there  changes  in  disposition, 
tiredness,  vomiting,  nocturnal  restlessness,  screaming,  occasional  rest- 
lessness, and  obstipation,  but  convulsions  suddenly  appeared  associated 
with  marked  rigidity  of  the  neck,  irregularity  of  the  pulse,  Kernig's 
sign,  transitory''  increase  of  the  patellar  reflexes,  strabismus,  general 
cutaneous  hyperesthesia,  vasomotor  disturbances,  and  typical  cerebral 
facies.  The  deception  was  still  further  enlianced,  for  lumbar  puncture 
yielded  a  clear  fluid  which  was  under  pressure,  wdiich  formed  a  distinct, 
non-reticular  fibrinous  clot,  and  which,  on  cytological  examination, 
showed  only  numerous  lymphocytes.  At  length  the  noteworthy 
retrogression  of  the  signs  of  irritation,  and  later  of  the  cranial  nerve 
symptoms;  the  complete  disappearance  of  the  fever;  the  more  or  less 
localized  flaccid  paraly^sis  of  limb  and  .of  abdominal  muscles,  together 
with  the  appearance  in  them  of  the  reaction  of  degeneration;  and 
recovery  either  complete  or  associated  with  permanent  more  or  less 
diffuse  flaccid  paralysis  and  atrophy  of  the  muscles,  admitted  of  no 
doubt  that  these  were  cases  of  acute  poliomyelitis. 

The  cutaneous  reaction  to  tuberculin  vaccination — the  von  Pirquet 
reaction — is  inconstant  and  uncertain  in  its  indications.  The  Calmette 
reaction  to  the  introduction  of  tuberculin  into  the  conjunctival  sac 
has  the  same  uncertainty,  with  additional  danger. 

In  the  presence,  therefore,  of  a  febrile  disease  presenting  the  symp- 
toms of  meningeal  implication,  which  have  already  been  described,  if 
no  signs  of  tuberculosis  be  present  in  other  areas  the  diagnosis  can 
only  be  tentative  until  the  cerebrospinal  fluid  has  been  examined. 

The  fluid  is  clear.  Usually  it  is  excessive  in  amount  and  under 
considerable  pressure. 

,  The  pressure,  however,  is  not  a  specific  feature  of  the  infection.  It 
varies  tremendously  and  is  usually  higher  in  adults  than  in  children. 
Of  64  cases  of  tuberculous  meningitis,  23  per  cent,  showed  a  pressure 
of  between  200  and  300  mm.  of  water;  23  per  cent,  between  400  and 
500;  19  per  cent,  between  300  and  400;  17  per  cent,  between  500  and 
600;  8  per  cent,  between  600  and  800;  6  per  cent,  between  100  and  200; 
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1.5  per  cent,  between  50  and  100;  and  1  to  1.5  per  cent,  over  800 
(Quincke). 

Out  of  44  cases,  12  showed  over  2  parts  per  1000  of  albumin;  5  over  3; 
3  over  4;  1  over  5;  and  1  over  0.  But  occasionally  even  when  the 
fluid  is  greatly  increased  in  amount  the  albumin  remains  less  than 
I  per  1000  (Quincke).  Rarely  no  deviation  from  the  normal,  physical, 
and  chemical  characteristics  is  present.  In  50  per  cent,  of  cases  the 
fluid  coagulates.  The  clotting  may  occur  when  only  |  per  1000  of 
albumin  is  present.  The  fibrin  filaments  throughout  the  fluid  are  con- 
nected with  a  characteristic  central  thread.  Later  the  clot  crumbles 
into  a  sediment.  The  sediment  in  this  disease  is  less  and  the  albumin 
of  the  supernatant  fluid  is  greater  than  in  cerebrospinal  meningitis. 
But  more  characteristic  are  the  contained  cells.  The  cells  are  mostly 
lymphocytes.  Many  of  them  may  show  degenerative  changes.  The 
number  present  averages  160  per  cm.,  but  varies  between  45  and  300. 
Certain  cases  of  acute  tuberculous  infection  of  the  meninges  have, 
however,  been  described  in  which  the  polymorphs  predominated. 
Forbes  examined  80  cases  of  tuberculous  meningitis,  70  of  which  he 
verified.  He  found  excess  of  lymphocytes  in  51 ;  excess  of  polymorphs 
in  5;  and  equal  proportion  of  lymphocytes  and  polymorphs  in  4.  Some- 
times no  increase  in  the  cells  is  found  in  cases  which  are  ultimately 
proved  to  be  tuberculous.  And  occasionally  in  normal  cerebrospinal 
fluid  a  few  lymphocytes  are  present. 

Tubercle  bacilli  may  be  demonstrable  in  the  fluid.  If  a  stained  smear 
from  the  sediment  deposited  by  centrifugalizing  does  not  reveal  bacilli 
they  may  be  detected  in  99  per  cent,  of  cases  (Bernstein)  by  incubating 
the  fluid  for  forty-eight  hours  and  then  examining  the  clot.  If  no 
bacilli  can  then  be  found  inoculation  of  a  guinea-pig  with  the  fluid 
will  certainly  demonstrate  them  if  they  are  present. 

The  absence  of  indications  of  the  presence  of  other  organisms  or  of 
their  products  will  help  to  substantiate  the  tuberculous  origin  of  the 
process. 

The  sugar-reducing  properties  of  the  cerebrospinal  fluid  upon  which 
some  stress  was  formerly  laid  are  now  known  to  have  very  little  diag- 
nostic value. 

In  doubtful  cases  it  is  advisable  to  act  upon  the  presumption  that 
the  disease  is  cerebrospinal  meningitis  and  actively  to  treat  it  accord- 
ingly (vide  p.  291).  The  antimeningococcic  serum  is  innocuous,  and 
less  harm  lies  in  its  useless  administration  in  a  tuberculous  condition 
than  in  unduly  withholding  it  in  an  atypical  case  of  cerebrospinal 
meningitis. 

Treatment. — When  the  diagnosis  of "  tuberculous  meningitis  is  estab- 
lished what  treatment  may  be  employed?  As  regards  life  there  is 
nothing  in  the  morbid  process  fundamentally  contrary  to  continued 
existence.  Between  1894  and  1909,  20  cases  of  undoubted  cure  were 
reported  (Martin).  The  disease  under  favorable  circumstances,  there- 
fore, may  spontaneously  clisappear.  Complete  restoration  of  function 
may  even  occur.    Therefore,  our  efl'orts  should  be  centred  upon  the 
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maintenance  of  the  patient's  strength  and  resistance.  The  patient 
must  be  fed  adequately.  Successfully  to  nourish  a  vomiting  patient 
will  tax  the  resources  of  the  most  ingenious  physician.  Food  in  small 
amounts  frequently,  in  easily  ingestible  and  assimilable  form,  is  required. 
Fluid  food,  predigested,  may  be  necessary.  Especially  in  children,  and 
in  the  semiconscious,  feeding  by  means  of  the  nasal  or  the  stomach- 
tube  is  valuable.  Before  feeding  the  stomach  should  be  washed  free 
of  any  fermenting,  irritating  contents.  The  ease  of  feeding  varies 
curiously  from  day  to  day.  Some  days  the  patient  takes  food  if  not 
with  zest  at  least  without  resentment.  Other  days  absolutel}'  no 
interest  can  be  elicited.  Swallowing  itself  is  sometimes  easy,  sometimes 
difficult,  sometimes  apparently  impossible.  Stomach  feeding  may  be 
reinforced  by  nutrient  enemas.  Inunction  with  cod-liver  oil  is  prac- 
tised, but  it  is  unpleasant  and  of  doubtful  value.  Subcutaneous  injec- 
tions of  sterile  olive  oil,  of  horse  serum,  and  of  normal  saline  have  a 
certain  value  as  adjuvants  to  other  nutritive  measures.  Alimentation 
is  the  central  problem  in  the  treatment  of  tuberculous  meningitis. 

An  attempt  to  raise  the  opsonic  index  may  be  made.  Great  caution 
is  necessary.  The  opsonic  index  should  first  be  ascertained.  It  is  liable 
to  fluctuate.  When  the  resistance  is  increasing  a  "positive  phase"  is 
said  to  be  present.  When  it  is  decreasing  a  "negative  phase"  exists. 
Injection  of  tuberculin  should  be  made  only  in  minute  doses,  and  only 
when  a  positive  phase  is  proved  to  be  present.  Otherwise  the  injection 
may  cause  a  more  or  less  localized  process  suddenly  to  disseminate 
widely. 

Tuberculin. — Tuberculin  is  obtainable  in  many  forms,  but  Koch's 
tuberculin  (T.  O.),  tuberculin  residue  (T.  R.),  bouillon  filtrate  (B.  F.) 
are  chiefly  used.  T.  R.  contains  the  pulverized  tubercle  bacilli.  It  is 
therefore  a  vaccine  and  should  immunize  actively  against  the  tubercle 
bacillus.  The  bouillon  filtrate  should  immunize  against  the  toxic 
products  of  the  tubercle  bacillus.  Every  precaution  is  taken  to  insure 
the  sterility  of  the  injection.  Usually  for  this  purpose  small  quantities 
of  antiseptics  are  added. 

One  cannot  proceed  too  cautiously  with  these  injections,  as  I  once 
sadly  experienced.  The  administration  should  be  repeated  at  intervals. 
When  j^o^oo  gram  is  being  given  it  may  be  repeated  ever}'-  third  day. 
If  a  "reaction"  results  the  treatment  should  be  suspended  and  the  dose 
diminished.  Such  a  reaction  may  manifest  itself  in  general  symptoms, 
such  as  headache,  malaise,  and  fever;  or  the  signs  of  the  tuberculous 
inflammation  may  be  aggravated;  or  at  the  inoculation  site  an 
inflammatory  reaction  may  occur. 

Lumbar  Puncture. — Marked  success  has  been  reported  in  the  treat- 
ment of  tuberculous  meningitis  by  means  of  repeated  lumbar  puncture. 
By  this  procedure  organisms  and  toxins  are  removed;  the  intracranial 
tension  is  lowered,  vomiting,  headache,  and  spasm  are  relieved;  and 
an  influx  of  bactericidal  cerebrospinal  fluid  to  the  diseased  area  is 
promoted.  As  much  as  70  to  90  c.c.  may  be  withdrawn  daily.  At 
each  puncture  10,  20,  30,  or  40  c.c.  may  be  allowed  to  flow  ofl".  The 


TUBERCULOUS  MENINGITIS 


301 


pulse  should  be  carefully  watched.  The  patient  should  be  kept  recum- 
bent. If  much  difficulty  is  experienced  in  inserting  the  needle  the 
patient,  if  well  enough,  may  be  seated,  but  while  the  fluid  flows  he 
should  be  kept  recumbent.  A  hypodermic  syringe  full  of  ether  should 
always  be  kept  ready  to  combat  sudden  collapse  during  this  tapping 
of  the  thecal  cavity  (vide  p.  284). 

Von  Bier's  Treatment. — Von  Bier's  principle  has,  of  course,  been 
employed  in  this  condition,  and  ingenious  devices  for  its  application 
have  been  constructed.  Headache  h^'peresthesia,  optic  neuritis,  and 
vomiting  are  not  symptoms  which  invite  an  attempt  to  increase  the 
congestion.  I  have  no  personal  experiences  of  the  method  in  tubercu- 
lous meningitis,  but  reports  of  its  benefit  are  meagre  and  unconvincing. 

Medicinal  Treatment. — The  administration  of  sodium  iodide  in  massive 
doses,  even  as  much  as  600  grams  per  day,  apparently  coincided  with 
several  recoveries.  Injection  of  iodoform  emulsion,  both  into  the  sub- 
arachnoid space  and  subcutaneously,  has  been  highly  lauded.  Mercury 
has  its  advocates.  Few  drugs  in  the  pharmacopoeia  have  not  been  tried. 
Cures  from  the  use  of  each  drug  have  resulted  only  when  they  were 
administered  by  their  discoverers  or  their  chosen  apostles.  In  other 
hands,  iodide,  iodoform,  etc.,  have  been  useless.  Cures  which  ensue 
from  methods  so  fastidious  in  their  activity  as  only  to  be  efficacious  in 
the  hands  of  their  believers  are  accidental  to  and  not  consequent 
upon  the  use  of  the  alleged  cure.  When  a  disease  has  so  many 
"specific"  remedies  there  is  a  high  degree  of  probability  that  all  are 
impotent.  The  therapy  of  every  disease  which  is  liable  to  spontaneous 
remission  or  to  natural  cure  is  wrapped  in  the  nostrums  of  physicians 
who  are  more  clamorous  than  critical  regarding  their  practice.  They 
"look  upon  their  work  and,  behold,  it  is  well  done,"  invariably.  Fred- 
erick Taylor  writes,  "undoubtedly  tuberculous  meningitis  is  in  nearly 
all  cases  fatal;  and  the  prognosis  may  be  regarded  as  unfavorable  in 
proportion  to  the  certainty  of  the  case  being  tuberculous."  In  many 
cases  an  opportunity  arises  for  an  extensive  trial  of  several  remedies. 
The  chief  value  of  these  remedies  lies  in  their  power  to  reassure  and 
to  satisfy  the  parents  and  the  physicians.  If  the  disease  happily  abates 
it  is  a  cause  for  thanksgiving,  not  a  result  of  skill. 

Surgical  Treatment. — In  this,  as  in  most  chronic  diseases,  surgery 
has  been  tirelessly  practised.  Laparotomy  is  so  often  beneficial  in 
tuberculous  peritonitis  with  effusion  that  it  seems  a  rational  inference 
that  craniotomy  would  be  of  service  in  tuberculous  meningitis.  The 
tuberculous  meninges,  however,  have  been  subjected  unavailingly  to 
every  manipulation  known  to  surgeons.  Stiles  reported  two  recoveries 
after  trephining  and  draining.  Isolated  cases  of  improvement  have  been 
recorded  by  other  surgeons.  The  after-history  of  the  cases  thus  benefited 
is  problematical.  It  has  already  been  mentioned  that  this  disease  tends 
occasionally  to  spontaneous  healing.  The  wonder  is,  not  that  a  few 
successes  have  been  reported,  but  that  out  of  the  multitude  of  surgical 
attempts  more  did  not  happily  occur  upon  those  who  in  any  case  would 
have  recovered.    To  add  to  the  low  vitality  of  a  case  of  tuberculous 
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meningitis  the  profound  shock  inseparable  from  intracranial  procedures 
usually  suffices  at  once  to  end  the  patient's  life. 

Adhesions  may  result  from  the  organization  of  the  inflammatory 
products.  Thus,  areas  are  circumscribed  within  which  serous  exudates 
accumulate  and  produce  focal  pressure  symptoms.  Often  such  cases 
are  operated  upon  with  intent  to  remove  a  suspected  tumor.  In  skilled 
hands  the  patient  derives  only  benefit  from  the  error;  with  the  release 
of  the  fluid  the  pressure  symptoms  disappear,  for  the  focus  of  pressure 
— the  serous  exudate  circumscribed  by  adhesions — is  tapped.  Those 
cases  in  which  nothing  at  all  is  found  at  the  operation  and  which 
subsequently  improve  do  so  in  spite  of  the  surgical  interference  and 
not  because  of  it. 

Another  result  of  adhesions  is  the  obliteration  of  the  foramina  of 
Magendie.  Through  these  foramina  the  ventricular  or  pial  system  of 
fluid  communicates  with  the  subarachnoid  space.  When  the  foramina 
are  closed  the  fluid  secreted  by  the  pial  covering  of  the  choroid  plexus 
is  pent  up  in  the  ventricles.  The  bulk  of  this  fluid  then  gradually 
increases.  Its  pressure  becomes  greater  than  the  resistance  of  the 
brain  tissue.  The  brain  substance  yields,  the  ventricular  cavities 
distend,  and  hydrocephalus  results 

Hydrocephalus  is  thus  a  possible  consequence  of  every  form  of 
meningitis  which  does  not  quickly  terminate  in  death. 

The  diagnosis  of  hydrocephalus  is  greatly  facilitated  by  means  of 
the  .T-rays.  The  treatment  of  the  condition  is  surgical.  Tapping  of 
the  ventricles  at  various  points  and  attempts  to  reestablish  the 
communication  between  the  ventricles  and  the  subarachnoid  space 
are  often  made,  and  except  in  the  case  of  puncture  through  the 
corpus  callosum  are  usually  futile. 

Quincke  and  others  have  treated  some  of  these  cases  by  repeated 
lumbar  puncture.  One  case  is  recorded  in  which  by  lumbar  punctures, 
within  two  months,  one  and  three-quarter  liters  of  cerebrospinal  fluid 
were  withdrawn  from  a  hydrocephalic  three-year-old  child.  As  much  as 
130  cm.  were  withdrawn  at  one  sitting.  After  each  tapping  the  pressure 
rose  again  in  twenty-four  hours. 

OTHER  VARIETIES  OF  MENINGITIS 

A  fully  developed  meningitis  may  ensue  even  in  the  course  of  dis- 
eases which  primarily  have  their  site  of  election  outside  the  nervous 
system.  A  purulent  meningitis  may  arise  from  the  Bacillus  typhosus, 
the  pneumococcus,  the  influenza  bacillus,  or  other  organisms  which 
usually  invade  the  digestive  or  respiratory  tracts. 

Every  energy  should  be  devoted  to  elucidating  the  nature  of  the 
affection.  The  history,  evidence  of  contact  with  cases  of  contagious 
diseases;  examination  of  ears,  throat,  lungs,  blood  culture;  examination 
of  the  blood  for  leukocytosis  and  for  Widal's  reaction;  examination  of 
the  cerebrospinal  fluid  for  leukocytosis,  galactose  and  globulin  content, 
and  organisms — all  may  be  necessary  before  a  diagnosis  is  reached. 
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Any  piis-forining  organism  can  produce  meningitis.  The  organisms 
which,  apart  from  those  that  we  have  discussed,  most  frequently  are 
imphcated  are  the  streptococcus  and  staphylococcus. 

The  streptococcal  and  staphylococcal  meningitides  are  usually 
secondary  to  ear  trouble  or  to  trauma. 

In  children  the  mucous  membrane  of  the  middle  ear  is  intimately 
connected  with  the  meninges  through  the  incompletely  ossified  petro- 
squamosal  suture;  hence,  inflammation  of  the  middle  ear  in  children 
frequently  implicates  the  meninges.  To  diagnosticate  between  otitis 
and  meningitis  is  difficult.  Because  the  former  disease  is  often  a  cause 
of  the  latter  it  is  always  desirable,  according  to  Lees  and  Barlow,  "  to 
have  the  tympanic  membranes  incised  if  the  child  be  seen  at  or  soon 
after  the  onset  of  the  illness,  and  if  the  help  of  an  aural  surgeon  can 
be  obtained." 

In  purulent  meningitis  Kostlivy  advises  repeated  cerebral  puncture 
by  the  Neisser-Pollack  method  in  order  to  determine  where  the  pus  is 
in  greatest  quantity.   Over  that  spot  the  skull  should  be  trephined. 

The  great  object  in  all  cases  of  meningitis  is  to  begin  treatment 
early.  The  initial  treatment  has  already  been  outlined  (see  p.  293). 
Urotropin  will  tend  to  mitigate  or  to  abort  the  disease.  Lumbar  punc- 
ture will  relieve  the  symptoms  and  will  give  indications  for  more  radical 
curative  measures.  Appropriate  vaccines  or  antitoxins  may  favorably 
influence  the  progress  of  the  disease.  If  at  the  first  signs  of  meningeal 
irritation  urotropin  be  used  and  lumbar  puncture  be  practised,  menin- 
gitis may  be  elevated  among  the  most  amenable  of  all  nervous  diseases 
to  treatment. 
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CHAPTER  VIII 


TREATMENT  OF  SYPHILITIC  DISEASES  OF  THE  NERVOUS 

SYSTEM 

By  smith  ELY  JELLIFFE,  M.D. 
INTRODUCTION 

The  treatment  of  syphilis  of  the  nervous  system  differs  from  the 
treatment  of  syphilis  of  other  parts  of  the  body  in  a  few  but  important 
particulars.  The  external  remedies  which  are  of  value  in  treating 
superficial  syphilitic  lesions  find  no  application  in  syphilis  of  the  nervous 
system.  Furthermore,  the  treatment  of  certain  syphilitic  affections, 
tabes,  and  general  paresis,  obtains  few  of  the  brilliant  results  obtained 
even  with  the  most  chronic  of  syphilitic  manifestations  elsewhere. 

Taken  as  a  whole,  the  results  of  treatment  of  the  nervous  manifes- 
tations of  syphilis  are  gratifying,  notwithstanding  the  general  fact 
that  the  nervous  system  when  modified  by  syphilis  suffers  greater 
functional  losses  than  other  bodily  structures.  This  is  to  be  expected 
in  view  of  the  fact  that  neurones  as  cells  are  vastly  more  highly  special- 
ized than  any  other  cells  of  the  bodj'^  and  that  interference  with  their 
conducting  capacity  is  readily  brought  about. 

In  the  treatment  of  syphilis  of  the  nervous  system,  we  are  met  at 
the  outset  with  at  least  three  problems.  In  the  first  place,  one  has  to 
deal  with  a  virus  whose  effects,  mediate  and  remote,  can  be  transmitted 
from  parent  to  child.  Hereditary  sj^hilis  of  the  nervous  system  con- 
stitutes a  special  complex  entity  and  needs  particular  emphasis  from 
the  standpoint  of  treatment. 

Acquired  syphilis  of  the  nervous  system,  early  or  late,  makes  up 
tlie  bulk  of  the  clinical  manifestations  which  are  met.  It  oft'ers  no 
significant  variations  beyond  those  noted. 

Parasyphilis,  metasyphilis,  or  whatever  one  may  wish  to  call  the 
manifestations,  seen  most  strikingly  in  the  broad  clinical  groups  of 
tabes  and  general  paresis,  like  hereditary  syphilis,  is  also  a  problem 
of  itself.  It  has  its  special  rules,  and  particular  difficulties,  which  at 
the  present  time  are  being  attacked  with  much  vigor  and  hopefulness. 

Clinically,  syphilis  of  the  nervous  system  is  so  protean,  that  unless 
one  is  on  one's  guard,  the  significance  of  sj^hilis  as  an  etiological 
factor  may  be  entirely  overlooked.  The  physician  with  his  eye  riveted 
upon  a  clinical  picture,  amyotrophic  lateral  sclerosis,  a  progressive 
muscular  atrophy,  or  a  protracted  sciatica,  let  us  say,  and  mindful 
of  the  somber  prognosis  given  in  the  majority  of  his  available  guides, 
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might  overlook  tlie  fact  that  in  some  of  the  patients  syphilis  is  of 
etiological  moment. 

There  is  probably  no  field  in  medicine  wherein  similar  diseased 
pictnres  may  arise  from  as  many  differing  causes  as  in  the  domain  of 
the  nervous  system.  Nor,  on  the  other  hand,  where  a  single  etiological 
factor  may  give  rise  to  so  many  dissimilar  clinical  pictures.  Kence, 
the  complexity  of  the  whole  subject,  and  the  need  for  iterating  and 
reiterating  the  advice  that  in  nearly  all  of  the  clinical  pictures  which 
have  or  have  not  been  given  descriptive  terms  in  nervous  or  mental 
disease,  the  possibility  of  syphilis  as  a  direct  etiological  factor  or  as  a 
complication,  or  as  causing  confusion,  should  be  borne  in  mind.  Hence, 
the  necessity  for  detailed  and  minute  inquiries  into  all  of  the  possible 
symptomatology,  of  hereditary  or  acquired  syphilis,  which  in  all 
questionable  cases  should  be  supplemented  by  complete  serological 
and  cj'tological  examinations. 

While  one  may  with  considerable  confidence  rely  upon  a  completely 
negative  history  and  negative  or  uncertain  laboratory  findings,  yet  in 
a  small  number  of  instances  occult  syphilis  wall  escape  both  the  anam- 
nestic and  laboratory  nets  and  pass  unrecognized.  Increasing  refine- 
ments in  both  directions  are  decreasing  this  number,  however,  and 
at  the  present  time  the  possible  syphilitic  element  rarely  escapes  de- 
tection if  carefully  sought  for. 

Turning  our  attention  from  the  anamnestic  search  for  the  etiological 
factor  as  supplying  the  real  point  of  departure  for  the  therapeutic 
attack,  it  may  be  profitable  to  discuss  in  brief  some  of  the  historical 
landmarks  in  the  development  of  our  clinical,  pathological,  and  etio- 
logical knowledge  of  syphilis  of  the  nervous  system. 

It  is  only  within  comparatively  recent  times  that  the  rich  collection 
of  apparently  dissimilar  diseases  has  been  strung  along  on  the  one 
etiological  string.  The  dissimilarities  in  chnical  expression,  even  within 
the  nervous  system,  have  been  so  striking  as  to  obscure  the  fundamental 
underl\'ing  factor. 

The  formerly  very  distinct  dividing  lines  between  the  lesions  of  her- 
editary sj'philis,  acquired  syphilis,  and  metasyphilis  are  now,  however, 
slowly  being  softened,  and  in  time  it  may  probably  seem  strange  that 
it  could  have  been  thought  that  spinal  and  cerebral  syphilis  on  the  one 
hand  should  ever  ha^'e  been  considered  different,  let  us  say,  from  tabes 
and  general  paresis  on  the  other. 

Since  it  has  come  to  be  believed  that  both  tabes  and  general  paresis 
rest  upon  a  syphilitic  basis,  the  variety  of  syphilitic  disorders  showing 
fairly  clear  clinical  entities  has  been  enlarged.  Further,  w4th  the  rec- 
ognition of  many  acute  and  subacute  psychoses  due  to  syphilis  the 
psychiatric  borders  have  been  further  extended. 

In  the  present  chapter  then  the  discussion  will  concern  itself  chiefly 
with  clinical  forms  as  much  as  possible,  without  any  extended  attempt 
to  separate  types,  which  in  reality  have  so  many  intermediaries  as  to 
defy  analysis. 

At  the  same  time  it  needs  to  be  emphasized  that  such  intermediary 
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forms  are  an  ever-present  reality.  Classical  pictures  of  a  disease  are 
largely  literary  chefs-d'oeuvres.  They  are  the  product  largely  of  the 
descriptive  art.  The  actual  processes  going  on  in  nature,  the  conflict 
of  interest,  i.  e.,  treyonema  vs.  homo,  shows  not  classical  types  hut 
multiplicity  of  variations,  with  here  and  there  statistical  prominence 
of  this  or  that  trend  in  the  reactive  compromise. 

This  point  of  view,  however,  does  not  lend  itself  to  didactic  pre- 
sentation, and  precise  directions  are  as  necessary  to  the  practising 
physician  as  are  maps  and  time-tables  to  the  traveller  in  a  known  or 
unknown  land.  It  is,  therefore,  a  concession  to  such  necessities  that 
in  this  chapter  the  syphilitic  diseases  of  the  nervous  system  which  are 
to  form  the  problem  to  be  grappled  with  by  therapy  will  be  sketched 
in  more  definite  and  bald  outlines  than  the  real  conditions  permit. 

Practical  utility  suggests  then  a  consideration  of  those  syphilitic 
disorders,  first  of  the  meninges,  then  of  the  cranial  and  peripheral 
nerves,  the  spinal  cord,  the  medulla,  midbrain,  and  of  the  brain  proper. 

Before  plunging  directly  into  the  subject  of  the  treatment  of  s\'mptom 
groupings,  which  descriptive  neurology,  for  practical  purposes,  has 
termed  syphilitic  meningitis,  meningomyelitis,  tabes,  cerebral  gumma, 
paresis,  cerebrospinal  syphilis,  syphilitic  endarteritis  of  the  spinal 
or  cerebral  vessels  and  the  like,  it  will  prove  of  eminent  practical 
value  to  trace  in  outline  the  older  beliefs  concerning  the  nature  of 
syphilis  and  the  modes  of  treatment.  Then  the  modern  period  of  patho- 
logical differentiation  may  be  entered  upon,  the  exact  knowledge  of  the 
organism  itself  and  its  allies  sketched,  and  the  more  precise  efforts 
at  destrojdng  it,  and  of  aiding  the  human  body  in  its  struggle  considered 
in  detail  as  the  main  object. 

Historical  Outline. — In  just  what  places  syphilis  was  an  endemic 
disease  before  its  great  extension  in  the  sixteenth  century  is  a  question 
that  must  be  left  for  solution  to  the  syphilographer  (Sudhoft").  Still 
it  is  not  without  great  interest  for  the  student  of  diseases  of  the  nervous 
system  to  observe  that  syphilis  of  the  nervous  system  received  very 
little  attention  until  the  beginning  of  that  same  century.  One  can 
readily  understand  that  this  should  be  so  if  the  hypothesis  of  the 
American  origin  be  accepted.  Such  an  acceptance  seems  almost 
inevitable  in  view  of  the  lack  of  observation  of  syphilitic  disease  of  the 
nervous  system  before  1500,  and  also  the  lack  of  observations  relative 
to  general  paresis.  This  in  spite  of  Sudhoff's  recent  finding  of  an 
Italian  receipt  book  dated  1465,  with  receipts  for  the  "French  disease," 
which  same  form  of  receipt  was  used  for  the  treatment  of  syphilis 
after  its  epidemic  outbreak  in  Naples  in  1494,  and  also  the  additional 
concomitant  use  of  the  name  "French  disease." 

It  is  more  or  less  immaterial,  after  all,  just  when  and  where  this 
disorder  arose.  It  is  very  certain,  however,  so  far  as  Western  medicine 
is  concerned,  that  the  first  great  epiflemic  extension  of  the  disease  began 
in  1493  to  1500,  and  that  the  study  of  its  cause  and  its  clinical  varia- 
tions began  at  that  time. 

As  we  are  concerned  solely  with  syi)hilis  of  the  nervous  system 
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we  shall  limit  our  historical  remarks  to  those  authors  who  have  called 
attention  to  syphilitic  involvement  of  nervous  tissues.  Naturally 
such  a  presentation  cannot  claim  completeness  nor  could  a  detailed 
record  serve  any  purpose  other  than  that  of  bibliographical  interest. 

Bloch  in  his 'monumental  monograph  has  brought  together  many 
interesting  details,  tending  to  show  how  well  versed  the  South  American 
peoples  were  in  its  manifestations,  among  which  many  concerning  the 
nervous  system  are  recorded.  Indeed,  if  we  are  to  accept  the  state- 
ments of  Bloch,  from  evidence  afl'orded  by  the  Spanish  physician  Diaz 
de  Isla,  who  was  in  practice  in  Barcelona  when  Columbus  returned 
from  Hayti,  and  who  treated  the  first  sailors,  including  the  pilot, 
the  Indians  of  Central  America  had  a  complete  system  of  treatment 
for  syphilis.  The  disease  was  named  in  several  Indian  dialects,  among 
them  the  Aztecs,  who  we  are  told  even  in  the  early  days  distinguished 
the  large  pustular  syphilides  from  that  with  smaller  pustules.  Mexican 
myths  are  also  concerned  with  the  disease.  Seler  the  sun  god  was  looked 
upon  by  the  Mexicans  as  the  main  cause  of  venereal  disease.  Here, 
if  we  are  to  follow  Kiihn  in  his  general  interpretation  of  comparative 
mythology  that  after  all  the  sun  god,  the  giver  of  life,  the  transmitter 
of  fire,  the  borer,  or  firemaker,  and  the  male  genitals  were  symbolically 
one  and  the  same,  it  can  be  readily  understood  why  such  an  idea  was 
perfectly  relevant,  and  possibly  not  far  from  the  truth. 

So  far  as  the  writings  of  ancient  Greek  or  Latin  writers  are  concerned, 
I  am  convinced  that  we  find  nothing  to  show  that  they  saw  any  such 
pictures  as  began  to  be  very  prominent  in  the  Sixteenth  Century. 
Tornery,  who  has  discussed  the  descriptions  of  the  early  writers,  does 
not  enter  into  the  question.  Monkmoller,  who  has  given  the  most 
thorough  and  comprehensive  history  of  general  paresis,  concludes 
that  the  ancients  never  saw  it,  and  that  the  descriptions  of  Aretaeus 
and  Caelius  Aurelianus,  which  have  often  been  taken  as  descriptions 
of  paresis,  are  probably  the  association  of  mental  defect  or  of  aphasia 
with  hemiplegic  attacks.   Falk  had  come  to  much  the  same  conclusion. 

The  era  of  definite  nervous  syphilis,  however,  began  closely  following 
the  epidemic  spread.  Suffice  it  to  say  that  within  three  or  four  years 
the  disease  had  foci  throughout  the  greater  part  of  Europe. 

Leoncino  as  early  as  1497  described  paralysis  as  a  consequence  of 
the  disease.  He  here  referred  to  what  we  would  call  hemiplegia,  which 
may  result,  as  is  well  known,  within  a  few  years,  even  a  few  months, 
after  infection. 

Joseph  Grunbeck  (1503),  Emser  (1511),  Ulrich  von  Hutten  (1519), 
all  lay  writers,  mention  paralyses  of  the  limbs  as  due  to  the  disease. 
Emser  speaks  of  his  patient,  a  syphilitic  paralytic,  and  with  a  psychosis, 
as  having  made  a  remarkable  recovery  under  treatment  by  Bruno 
— by  making  a  vow.  Paracelsus  (1530),  although  still  confusing 
gonorrhea  with  syphilis,  as  had  been  and  is  still  being  done,  left  indica- 
tions of  a  description  of  sypliilitic  meningitis,  and  in  speaking  of  the 
syphilitic  virus  said  that  it  affected  all  of  the  organs  of  the  body.  No- 
where in  Fracastorius  (1521),  to  whom  we  owe  the  name,  are  direct 
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references  to  the  nervous  system  to  be  found.  Nicolaus  Massa  (1556) 
gave  an  early  description  of  syphilitic  neuralgias.  Borgarutius 
(15(57)  also  described  neuralgic  pains  due  to  syphilitic  disease  of  the 
meninges.  Amatus  Lusitanus  (15()1)  described  iieadaches  due  to  intra- 
cranial osteitis  of  syphilitic  origin.  Botalli  (1563)  made  an  observa- 
tion that  blindness  might  be  due  to  syphilitic  disease  of  the  brain. 

During  the  following  century  many  references  have  been  found  show- 
ing the  recognition  of  the  relationship  of  syphilis  to  nervous  disease. 
Only  a  few  can  be  mentioned  here.  Thus,  Guarinoni  (1610)  described 
epileptic  attacks  from  syphihs  of  the  brain.  Vidus  Mdius  (1611) 
described  epilepsies  as  due  to  syphilitic  cranial  caries.  Thiery  de  Ilery 
(1634)  and  Zechius  (1650)  also  called  attention  to  syphilitic  spasms  as 
well  as  epilepsies.  Zacutus  Lusitanus  (1644)  described  cases  of  blind- 
ness due  to  gumma  of  the  brain,  quoting  Botalli  a  century  ahead  of  him. 
In  1696  a  special  treatise  on  syphilitic  pains  was  written  by  Blagny. 

Attention  might  be  called  to  the  works'  of  Scholtzius  (1610)  and 
Willis  (1672)  apropos  of  the  subject  of  general  paresis.  To  Willis 
has  always  been  ascribed  the  honor  of  the  first  description  in  which 
one  could  definitely  recognize  general  paresis 

By  the  end  of  this  (seventeenth)  century  an  early  broad  view  of 
syphilitic  nervous  disease  had  been  obtained.  S}^hilitic  headaches 
were  described  by  Felix  Plater  (1641).  Rhodius  (1657)  described 
gummata  of  the  dura  and  syphilitic  hemiplegias,  B alien  (1663)  spinal 
syphilitic  disease  and  spasms  in  the  facial  region,  Cummius  (1684) 
diplopias  and  eye  palsies.  Astruc  has  reviewed  these  writings 
completely. 

During  the  eighteenth  century  the  picture  expanded  rapidly.  Inter- 
costal neuralgias  (1762),  deafness,  loss  of  smell,  caries  of  base  of  skull 
(1762),  sciatica  (1745),  psychoses.  Syphilitic  mania  was  described 
by  Sanche  in  1777,  amaurosis  (1748),  facial  palsy  (1758),  leptomen- 
ingitis (1766),  syphilitic  arterial  disease  (1766),  paraplegias  (myelitis) 
(1771),  and  a  number  of  other  conditions  were  described,  and  may 
be  consulted  in  Lagneau's  interesting  monograph  in  which  234  case 
histories  are  collected.  Astruc,  Bonet,  and  INIorgagni  offer  the  richest 
literary  sources. 

It  may  be  recalled  in  this  place  that  John  Hunter  in  1787  stated  that 
he  never  observed  syphilis  of  the  internal  organs,  including  the  brain. 
The  weight  of  his  authority  retarded  progress  for  many  years,  especially 
in  England.  Indeed,  it  was  not  until  Ricord's  sound  observations  were 
published  that  Hunter's  enormous  blunder  was  fully  remedied. 

Virchow's  studies  (1847)  on  phlebitis  and  arteritis  laid  the  founda- 
tion for  our  modern  knowledge  of  bloodvessel  syphilis,  although  it 
may  be  recalled  that  Morgagni  (1766)  and  Home  (1782)  both  made 
extremely  pertinent  studies  on  vascular  syphilis.  These  have  been 
fully  developed  by  Huebner  (1874)  and  Alzheimer  (1904). 

The  studies  of  Virchow  on  the  formation  of  gummatous  granulomata 
and  related  syphilitic  phenomena,  practically  established  the  modern 
era  of  study  of  the  pathology  of  this  disease. 
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The  succeeding  years  have  filled  in  the  picture  with  a  number  of 
details,  the  chief  additions  having  been  those  of  Nissl  and  Alzheimer, 
who  have  established  the  highest  criteria  for  the  pathology  of  this 
disease  so  far  as  the  nervous  system  is  concerned. 

The  latest  chapter  in  this  interesting  history  is  that  dealing  with 
the  discovery  of  the  exciting  agent,  and  the  final  clearing  up  of  the  entire 
subject  of  etiology  and  modes  of  infection.  Schaudinn  (1905)  demon- 
strated the  parasite  which  he  called  Spirochseta  pallida.  Its  varied 
synom  my  to  accord  with  principles  of  botanical  and  zoological  nomen- 
clature need  not  detain  us.  Spironema  pallida,  Treponema  pallidum 
are  those  most  frequently  employed.  Doele  (1892)  is  thought  to  have 
first  seen  the  parasite,  but  Schaudinn,  then  Epaschen,  Fischer,  Metch- 
nikoff,  and  Roux  established  its  identity  and  its  affiliations. 

It  was  soon  found  in  congenital  syphilis  in  the  nervous  SA-stem,  in 
syphilitic  gumma  of  the  brain,  and  spinal  cord,  in  syphilitic  menin- 
gitis, even  in  the  cerebrospinal  fluid,  both  of  congenital  and  acquired 
syphilitics.  Moore  (1913),  Noguchi,  Nichols,  and  Hough  have  found 
it  in  the  paretic  brain,  and  it  probably  will  soon  be  found  in  the 
spinal  meninges  of  tabetics. 

The  final  studies  of  Neisser,  Metchnikoff,  Roux,  and  others  have 
laid  bare  the  entire  story  of  the  inoculability  of  the  disease  and  its 
transmission  from  animal  to  animal,  while,  utilizing  the  knowledge 
gained  by  Bordet  and  Gengou,  Wassermann  and  his  pupils  have 
elaborated  a  serobiological  technique  which  has  made  one  independent 
of  clinical  or  anamnestic  data  relative  to  a  knowledge  on  the  part  of 
the  patient  of  the  infection. 

Thus,  in  hardly  more  than  seven  years,  a  flood  of  light  has  been 
thrown  upon  the  disease  and  its  relation  to  other  infusorial-caused  dis- 
eases, notably  trypanosomiasis,  which  has  illuminated  and  made  clear 
the  entire  path  which  has  been  so  busily  travelled  since  Columbus 
brought  back  this  most  portentious  exotic  to  the  old  world. 

Diagnosis. — The  diagnosis  of  syphilis  of  the  nervous  system  presents 
certain  difficulties  which  rapidly  increasing  perfections  in  laboratory 
technique  are  resolving  with  considerable  success.  These  laboratory 
clinical  findings  combined  with  those  of  the  neurological  status  permit 
an  almost  certain  diagnosis  of  this  disease  in  the  nervous  system,  either 
as  congenital,  acquired,  or  as  para-  or  metasyphilis. 

The  chief  features  in  such  a  scheme  of  diagnosis  are:  (1)  Search  for 
the  organisms;  (2)  serological  investigation  of  the  blood  and  cerebro- 
spinal fluid;  (.3)  cytological  examination  of  the  cerebrospinal  fluid; 
(4)  chemical  examination  of  the  cerebrospinal  fluid;  (5)  clinical  examina- 
tion of  the  pupillary  reflexes. 

1.  Search  for  Organisms. — The  parasite  has  been  found  in  the  cerebro- 
spinal fluid,  but  as  yet  in  but  few  instances.  It  has  been  cultivated 
from  the  cerebrospinal  fluid  (Nichols  and  Hough).  Increasing  experi- 
ence along  these  paths  of  study  will  probably  develop  important 
diagnostic  aids.  These  are,  as  yet,  of  less  practical  use  than  others 
to  be  enumerated. 
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2.  Biological  or  Serological  Tests  of  Blood  and  Cerebrospinal  Fluid. — 
(a)  Blood. — This  is  not  the  place  to  discuss  the  technique  of  the 
Wassermann  reaction.  Yet  an  adequate  technique  is  extremely 
important.  The  consensus  of  opinion  lays  stress  upon  the  superior 
reliability  of  the  original  forms  of  the  technique.  Practically  all  forms 
of  early  syphilis  of  the  nervous  system  should  show  a  positive  Wasser- 
mann reaction  in  the  blood.  There  are  exceptions,  but  syphilis  of  the 
nervous  system,  like  syphilis  elsewhere,  gives  a  positive  reaction  in 
early  cases.  Scarlet  fever,  trypanosomiasis,  frambesia,  a  few  cases 
of  multiple  sclerosis,  these  may  occasionally  give  a  positive  blood 
Wassermann. 

Whereas,  the  percentage  of  positive  findings  should  be  as  high  as 
100  per  cent,  in  cases  of  early  syphilis  of  the  nervous  system,  in  its 
secondary  and  tertiary  stages  the  percentage  of  positive  results  may 
fall  to  even  70  per  cent.,  and  in  the  latent  period  may  sink  to  50  per 
cent.  Whether  these  reduced  percentages  speak  for  the  good  results 
of  treatment  or  are  dependent  upon  other  as  yet  uncertain  factors  is 
yet  to  be  decided.    The  alcohols  interfere  with  the  reaction. 

Citron  and  a  number  of  other  workers  in  this  field  have  repeatedly 
stated  that  the  cure  of  syphilis,  nervous  as  well  as  otherwise,  bears 
a  direct  relationship  to  the  results  obtained  by  the  biological  tests. 
This  is  an  important  feature  in  determining  the  therapy,  and  merits 
close  attention.  It  has  been  frequently  found,  however,  that  after 
a  period  during  which  the  blood  results  have  been  negative  there  has 
been  a  sudden  return  of  the  reaction.  From  this  many  students  argue 
that  the  result  of  a  Wassermann  test  of  the  blood  is  of  little  value  in 
determining  the  control  of  antisyphilitic  therapy. 

On  the  other  hand,  some  of  the  most  competent  students  of  the 
biological  reactions  are  disposed  to  be  largely  guided  in  their  therapy 
by  the  results  of  the  Wassermann  test.  Briick  has  summed  this  up 
somewhat  as  follows:  "Study  of  the  Wassermann  reaction  shows  that 
energetic  antisyphilitic  treatment  should  begin  as  soon  after  infection 
as  possible,  until  the  blood  reactions  are  negative.  One  should  then 
carry  on  a  regular  series  of  blood  controls,  and  as  soon  as  a  return 
of  the  reactions  shows  itself,  energetic  syphilitic  treatment  should  be 
inaugurated.  One  is  justified  in  not  pushing  antisyphilitic  treatment 
only  when  the  blood  reactions  have  been  persistently  negative  for  a 
considerable  period  of  time." 

This  whole  subject  of  the  relationship  of  the  reaction  to  treatment  is 
well  discussed  by  Plant,  where  all  of  the  pros  and  cons  may  be  found. 
We  have  also  discussed  it  in  the  section  on  therapy. 

(b)  Cerebrospinal  Fluid. — The  behavior  of  the  cerebrospinal 
fluid  to  the  Wassermann  reaction  is  of  special  significance  in  the  diag- 
nosis and  treatment  of  syphilis  of  the  nervous  system.  It  is  almost 
uniformly  positive  in  general  paresis,  even  when  small  quantities 
(0.2  c.c.)  of  the  serum  are  employed.  By  the  use  of  such  small 
quantities  it  would  appear,  from  the  work  of  Hauptmann  and  Hossli, 
that  paresis  alone  will  cause  a  positive  result,  but  with  larger  quan- 
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tities  of  cerebrospinal  fluid  (0.4  to  0.8  c.c),  then  practically  all  forms 
of  cerebrospinal  syphilis  will  give  a  positive  reaction;  tabes,  cerebral 
SN-philis,  meningomyelitis,  etc.  (Ilauptmann,  IIo|zmann,  Swift,  and 
Ellis.) 

Syphilis  without  nervous  symptoms  uniformly  gives  a  negative 
reaction,  even  when  large  quantities  of  the  liquor  are  used. 

It  might  be  mentioned  here  again  that  multiple  sclerosis  occasionally 
gives  a  positive  Wassermann  reaction  in  the  blood,  and  this  apparently 
independent  of  any  syphilitic  history,  and  with  other  syphilitic  findings 
negative.  Kaplan's  and  Casamajor's  findings  are  negative  for  a  series 
of  neurological  cases,  amyotrophic  lateral  sclerosis  (Spiller  has  reported 
cases  of  this  syndrome  with  sj^hilis  probable),  chronic  anterior  polio- 
myelitis among  them. 

We  cannot  go  into  the  full  analysis  of  the  findings  of  the  Wassermann 
reactions  in  the  cerebrospinal  fluid  in  this  place.  The  chief  features 
are  here  didactically  outlined.  It  must  be  constantly  borne  in  mind 
in  the  diagnosis  of  syphilis  of  the  nervous  sj^stem  that  the  reaction  of 
the  cerebrospinal  fluid  in  the  Wassermann  test  is  purely  monosymp- 
tomatic.  The  positive  or  negative  results  must  always  be  interpreted 
by  association  with  other  laboratory  and  clinical  tests.  As  Nonne 
has  well  said,  the  Wassermann  reaction  is  only  a  symptom.  Like  other 
symptoms  in  a  syndrome  it  may  or  may  not  be  present  without  affecting 
the  validity  of  the  syndrome  from  its  diagnostic  aspects. 

3.  Cytological  Examination  of  the  Cerebrospinal  Fluid. — Quincke,  by 
his  procedure  of  lumbar  puncture,  opened  a  new  field  for  laboratory 
diagnosis.  Applied  to  the  study  of  the  cellular  as  well  as  the  chemical 
constituents  of  the  cerebrospinal  fluid  it  has  rendered  the  diagnosis 
and  therapy  of  syphilis  of  the  nervous  sj'^stem  an  immense  service. 
The  technique  of  puncture  cannot  be  entered  into  here,  but  one  point 
should  be  borne  in  mind :  the  procedure  is  not  always  without  danger. 
It  should  be  done  with  care,  the  fluid  being  withdrawn  very  slowly, 
drop-wise  in  some  cases,  and  the  patient  should  rest  in  bed  several 
hours,  preferably  both  before  and  after  the  operation.  One  of  the 
functions  of  the  cerebrospinal  fluid  is  to  maintain  an  equality  in  the 
intracerebral  pressure,  and  any  sudden  alteration,  such  as  is  produced 
by  the  withdrawal  of  5,  10,  or  15  c.c.  of  fluid,  is  apt  to  disturb  such 
equilibrium.  Headache,  nausea,  vomiting,  dizziness,  are  among  the 
unpleasant  effects  in  those  who  react  badly.  Such  are  few,  but  they 
exist,  and  care  is  imperative.  Some  are  helped  b}^  laying  quiet,  with 
foot  of  bed  elevated  and  with  aspirin,  10  grains,  repeated  if  necessary. 
In  patients  in  whom  brain  tumor  is  suspected  special  care  should 
be  taken,  as  here  a  few  cases  of  sudden  death  have  been  reported 
following  lumbar  puncture  with  withdrawal  of  fluid. 

It  is  one  of  the  drawbacks  in  cytological  work  with  the  cerebrospinal 
fluid  that  degenerative  changes  in  the  cellular  contents  take  place 
within  comparatively  short  periods  of  time.  This  shows  itself  partic- 
ularly in  the  poor  staining  qualities  of  many  of  the  cells  and  also  in 
deformities  and  destructions.    Whether  this  is  an  autolysis  or  what  not 
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is  as  yet  uncertain.  At  all  events  the  cytological  examination  should 
be  conducted  as  soon  as  possil)le  after  tiie  withdrawal  of  the  fluid. 

In  patholo<];ical  cerebrospinal  fluid  an  increase  in  lymphocytes  is 
the  most  striking  feature.  Over  7  to  10  lymphocytes  to  the  c.mm. 
indicates  pathological  fluid.    Other  cells  may  also  be  found,  such  as 
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Lymphocytes  in  normal  (left)  and  paretic  (right)  cerebrospinal  fluid.  (Kraepelin.) 


Fig.  18 


lc  Pc  L 

Lc.  lymphocytes;  Pc,  plasma  cells;  L,  lumen  of  vessel. 


polymorphonuclear  leukocytes,  plasma  cells,  and  occasionally  eosinophile 
and  endothelial  cells.  Red  blood  cells  usually  come  from  the  wound 
of  the  puncture.  We  are  not  now  considering  the  possibilities  of 
traumas. 

As  to  the  origin  of  the  pathological  cells,  authorities  are  not  in  accord. 
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Merzbacher  holds  that  they  are  derived  from  the  walls  of  the  pial 
vessels,  and  from  those  of  the  cortex.  The  role  of  the  ependymal  vessels 
is  also  to  be  considered.  Thus  in  paretic  ependymitis  a  fairly  constant 
picture  in  paresis,  the  cellular  content  of  the  cerebrospinal  fluid  is 
usually  very  rich  in  all  of  the  adventitial  cells  mentioned. 

In  both  tabes  and  paresis  the  infiltration  of  the  meningeal  tissues 
of  brain  and  spinal  cord  by  both  plasma  cells  and  lymphocytes  is  well 
known.  Fischer,  Nissl,  Alzheimer  have  shown  these  (Nissl,  Alzheimer 
loc.  cit.).  E.  Meyer  has  demonstrated  closely  related  findings  in  cerebro- 
spinal syphilis.  In  the  tertiary  stages  these  infiltrations  seem  to  occupy 
the  more  superficial  structures  of  both  the  cord  and  cortex,  whereas 
in  both  tabes  and  paresis  the  infiltration  by  cellular  elements  is  deeper 
and  more  general,  occupying  for  the  most  part  the  perivascular  spaces 
or  their  immediate  surroundings  (Alzheimer,  loc.  cit.). 


Fro.  19 


Organization  of  Virchow-Robin  lymph  spaces  and  penetration  of  ectodermal  tissue  by  outgrowth 
of  adventitial  fibers.    General  paresis.    Tannin  silver.  (Achucarro.) 

The  fluid  is  best  fixed  and  imbedded,  and  then  stained  by  the  Alz- 
heimer method.  This  is  the  most  complete  and  satisfactory  method 
thus  far  devised,  as  it  permits  of  a  counting  and  study  of  all  of  the  cells. 
The  Fuchs-Rosenthal  counting  chamber,  however,  is  that  used  in  the 
greater  aumber  of  instances.  Its  results  are  more  quickly  obtained, 
although  they  lack  the  finality  of  the  Alzheimer  method. 

A  normal  cerebrospinal  fluid  is  a  clear  liquid.  It  has  a  specific 
gravity  of  1006,  a  slightly  alkaline  reaction,  and  is  about  free  from 
cellular  constituents — 1  to  5  lymphocytes  per  c.mm.  as  estimated  by  the 
Fuchs-Rosenthal  method  may  be  considered  normal.  (Sec  Thomsen, 
Hill,  Halliburton,  Proc.  Roy.  Soc,  vol.  Ixiv,  for  normal  fluid.) 

Changes  in  Cerebrospinal  Fluid. — In  cerebrospinal  syphilis,  in  tabes, 
and  in  general  paresis  there  is  usually  an  increase  in  the  number  of 
lymphocytes.  They  may  run  up  into  the  hunclreds,  especially  in  some 
cases  of  acute  meningomyelitis;  also  in  some  fulminating  cases  of  paresis. 
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In  fact,  most  moningitic  processes  are  accom])anied  by  increase  in  cel- 
lular content.  Poly  nuclear  cells  are  frequent  in  the  acute  types,  some- 
times tuberculous  meningitis  excepted,  and  as  the  process  tends  to 
chronicity  there  is  a  tendency  to  lymphocytosis  and  loss  of  other  cell 
types.  The  pleocytosis  of  syphilis  has  usually  been  attributed  to  a 
meningitic  process.  It  has  been  suggested  as  due  to  a  periarteritis 
as  well  (Szecsi). 

Certain  general  variations  may  be  recorded.  The  earlier  students 
were  more  didactic  in  their  statements  concerning  specific  differences 
in  the  number  of  cells  as  distinguishing  cerebrospinal  syphilis,  tabes, 
and  paresis.  Further  extension  of  the  studies  shows  them  to  have  been 
in  part  unwarranted.  Thus  it  has  been  said  that  the  lower  numbers 
point  to  cerebrospinal  syphilis,  the  higher  number  to  tabes,  and  the 
highest  to  paresis.  This  is  perhaps  so,  but  it  is  not  an  absolute  rule. 
The  number  of  cells  seems  to  bear  a  more  definite  relation  to  the 
activity  of  the  underlying  irritation  or  inflammatory  process  than  to 
its  kind.  Thus  a  stationary  tabes  may  show  few  cells,  also  a  paresis 
in  remission,  whereas  an  acute  cerebrospinal  syphilis  or  an  acute 
meningomyelitis  may  show  many  cells. 

A  fluid  rich  in  polymorphous  cells  is  indicative  of  a  very  active 
process,  syphilitic  or  otherwise. 

In  cerebrospinal  syphilis,  tabes,  and  particularly  in  paresis,  it  is  of 
great  importance  to  note  that  a  pleocytosis,  oftentimes  of  very  marked 
grade,  may  antedate  all  neurological  symptoms  of  the  after-coming  dis- 
order. This  has  been  shown  repeatedly  by  Sicard,  by  Ravaut  and  others. 
This  preparetic  period  has  been  diagnosticated  as  long  as  two  years 
before  the  onset  of  the  disease.  This  point  is  well  to  bear  in  mind  when 
one's  advice  is  asked,  as  to  the  advisability  of  marriage  of  syphilitics  in 
the  forties.  It  is  not  at  all  an  infrequent  experience  to  find  the  out- 
break of  paresis  occurring  in  men  of  from  forty  to  forty-five,  who  have 
been  from  one  to  three  years  married,  and  many  have  waited  thus  long, 
feeling  that  because  of  an  early  syphilis  it  were  mse  to  defer  marriage 
until  a  safe  period.  A  return  will  be  made  to  this  prophylactic  feature 
later  in  the  more  detailed  discussion  of  the  therapy. 

How  long  after  infection  by  s}q)hilis  may  lymphocytosis  appear 
in  the  cerebrospinal  fluid?  Varying  answers  are  available,  but  Ravaut 
has  reported  their  presence  at  least  two  months  after  infection.  Their 
presence  almost  invariably  speaks  for  nervous  syphilis.  In  patients 
who  have  thus  far  been  followed,  the  development  of  nervous  accidents, 
hemiplegia,  paraplegia,  meningomyelitis,  etc.,  has  taken  place. 

With  active  therapy  the  pleocytosis  is  apt  to  disappear.  Those 
patients  who  retain  their  lymphocytosis,  are  they  on  the  way  to  tabes, 
or  paresis?  This  is  an  important  problem  which  has  been  answered 
Yes  and  No.  Its  definite  answer  is  yet  to  come,  as  the  necessary 
time  during  which  the  full  significance  of  the  results  of  cytological 
study  of  the  fluid  has  not  yet  elapsed. 

From  the  therapeutic  point  of  view  then  the  whole  subject  of  plco- 
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cji;osis  of  the  cerebrospinal  fluid  is  full  of  significance,  and  in  need  of 
constant  attention.  In  this  connection  it  should  again  be  em])hasizefl 
that  lymphocytosis  alone  does  not  mean  syphilis  alone.  It  can  be  said 
that  absence  of  lymphocytes  at  least  negatives  tabes  and  paresis — to 
tliis  generalization  there  are  but  few  recorded  negative  observations. 
(Klieneberger,  Archiv  f.  Psychiatrie,  1911;  Foster,  Lewandowsky, 
Handhuch  der  Neurologie.) 

Lymphocytosis  is  not  limited  to  syphilis  of  the  nervous  system, 
however.  It  is  marked  in  sleeping  sickness,  an  allied  disease  (Spiel- 
meyer,  Mott).  It  is  often  also  high  in  tuberculous  meningitis,  but 
is  iiere  usually  complicated  by  the  presence  of  polymorphonuclear 
leukocytes.  In  a  few  cases  of  multiple  sclerosis  lymphocytes  have 
been  found.  In  the  acute  stages  of  poliomyelitis  lymphocytes  may  be 
found,  also  in  cerebrospinal  meningitis  and  in  herpes  zoster. 

As  has  been  previously  noted  for  the  biological  tests,  so  the  cytological 
tests  are  only  monosymptomatic;  alone  they  are  not  absolute,  but  taken 
in  combination  they  are  invaluable  in  both  diagnosis  and  in  treatment. 

In  treatment  particularly  it  would  seem  then  that  the  consensus 
of  opinion  points  to  the  fact  that  the  grade  of  lymphocytosis  is  a  fairly 
accurate  guide  to  the  severity  of  the  process.  In  cerebrospinal  syphilis 
particularly  a  steady  diminution  in  the  number  of  lymphocytes  goes  on 
pari  passu  with  the  efficacy  of  the  treatment.  This  is  not  an  absolute 
rule  in  the  metasyphilitic  affections,  for  here  a  diminution  in  lympho- 
cj'tes  very  frequently  may  take  place  without,  however,  any  correspond- 
ing alleviation  of  the  tabes  or  paresis.  In  certain  cases  of  tabes  with 
pain,  diminution  of  the  pain  with  slight  reduction  in  the  number  of 
lymphoc3i;es  has  been  observed  following  antisyphilitic  therapy. 

This  diminution  in  the  number  of  lymphocytes  has  taken  place  with 
mercurial  as  well  as  arsenical  (salvarsan)  therapy. 

Only  the  more  striking  features  of  our  knowledge  regarding  the 
cytology  of  nervous  syphilis  can  be  here  presented.  The  literature  is 
extensive,  and  contains  many  aberrant  findings.  A  wide  reading 
counsels  one  to  take  every  fact  into  consideration,  clinical  as  well  as 
laboratory,  and  to  avoid  laying  too  much  stress  upon  any  single  fact 
or  closely  related  group  of  facts. 

4.  Chemical  Examination. — Here  the  presence  of  a  reducing  agent 
(Fehling's)  and  of  globulin  is  to  be  estimated.  Most  liquors  contain 
the  former.  When  present  in  large  quantities  it  may  point  to  a  tuber- 
culous meningitic  process. 

Increased  globulin  content  is  a  characteristic  feature  of  paresis. 
In  tabes  increased  globulin  is  the  rule  as  is  also  the  case  in  cerebro- 
spinal syphilis,  but  to  a  less  extent.  Markedly  increased  globulin 
content  is  not  infrequent  in  spinal  cord  tumors,  gummatous  or 
non-syphilitic.  The  globulin  reaction  is  apt  to  run  along  with  the 
lymphocytosis.  It  has  no  apparent  alliances  with  the  findings  of 
the  Wassermann  technique. 

The  whole  question  of  increased  globulin  content  is  in  need  of  more 
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thorough  revision,  but  in  general  it  may  be  said  that  the  matter  may 
be  summarized  as  has  already  been  done.  It  might  be  added  that  either 
a  mild  or  strongly  positive  globulin  increase  may  be  obbervefl  in  tuber- 
culous meningitis  and  other  meningitides,  pneumonia,  influenza,  etc. 
A  marked  increase  in  globulin  with  negative  Wassermann  and  negative 
pleocytosis  speaks  not  only  for  a  tumor,  as  has  been  noted,  but  also 
for  any  cause  of  compression  of  the  spinal  cord. 

Summary  of  Laboratory  Findings. — Four  Reactions. — Before  passing 
to  the  diagnostic  significance  of  the  clinical  examination  of  the  eye 
reflexes  a  word  should  be  said  relative  to  the  value  of  these  "four 
reactions,"  as  Nonne  has  called  them.  It  has  been  said  that  taken 
alone  they  may  mean  nothing  positive,  so  far  as  a  differential  of  the 
different  types  of  syphilis  of  the  nervous  system  is  concerend,  but 
when  read  together  they  afford  important  guides  to  diagnosis  and  to 
treatment. 

Nonne 's  conclusions  are  perhaps  the  most  extensive  that  we  possess 
on  this  point.  They  are  founded  upon  his  own  experience  with  167 
patients  with  tabes,  179  with  paresis,  97  with  cerebrospinal  syphilis, 
68  patients  with  multiple  sclerosis,  38  with  brain  tumor,  and  14  with 
spinal  cord  tumor. 

Expressed  schematically,  which  schemes,  as  he  well  remarks,  are 
not  products  of  nature  but  of  man,  the  following  results  of  the  four 
reactions  are  to  be  expected: 
(1)  Blood  and  (2)  Fluid. 
I.  Blood  examination. 
Wassermann  reaction. 

(a)  Positive.    Is  characteristic  of  syphilis  with  few  excep- 
tions (already  noted), 
A  positive  Wassermann  of  the  blood  serum  says  nothing 
further  than  that  the  individual  has  come  in  some 
manner  in  contact  with  syphilis,  either  through  heredity 
or  by  infection.   It  does  not  say  that  the  disease  from 
which  he  suffers  is  due  to  the  syphilis. 
(6)  Negative.    Is  differentially  diagnostic  against  paresis, 
since  it  is  only  very  rarely  that  the  blood  in  paresis 
gives  a  negative  reaction. 
11.  Study  of  Cerebrospinal  P'luid. 

(a)  Normal  Fluid.    Pressure  90  to  130  mm.    Water  globulin 
reaction  negative— not  over  5  or  6  cells  to  c.mm.  (Fuchs- 
Rosenthal). 
(6)  Pathological  fluids. 

1.  Increased  pressure — over  15  c.mm.  water. 

2.  Positive  phase  I.   Globulin  reaction. 

3.  Increased  cell  count. 

These  three  symptoms,  in  coordination  or  alone  indi- 
cate the  presence  of  an  organic  nervous  disorder, 
syphilitic  or  non-syphilitic. 
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(c)  If  the  disease  of  the  nervous  system  is  syphilitic,  then  the 
Wassermann  test  of  the  fluid  will  show.  If  the  Wasser- 
mann  reaction,  ori^^inal  method  (0.2  c.c.  of  the  fluid)  is 
positive,  there  is  great  probability  that  the  patient  is  a 
paretic,  or  a  taboparetic,  much  less  often  a  cerebrospinal 
syphilitic,  or  a  pure  tabetic. 
In  nearly  all  cases  of  cerebrospinal  syphilis  and  of  tabes  the 
Wassermann  reaction  becomes  positive  by  using  0.4  to  1  c.c. 
of  fluid. 

Nonne's  typical  findings  are  as  follows: 

I.  Paresis  or  taboparesis. 

1.  Wassermann  reaction  in  blood  positive  (100  per  cent.).  Pres- 

sure increased. 

2.  Phase  I,  globulin  reaction  positive  (95  to  100  per  cent.). 

3.  Lymphocytosis  (95  per  cent.). 

4.  Wassermann  in  fluid. 

(a)  Positive — about  85  to  90  per  cent,  with  original  method 

and  0.2  c.c.  fluid. 
(6)  Positive  in  100  per  cent,  with  larger  quantities  of  fluid. 

II.  Tabes  without  paresis. 

1.  Wassermann  reaction  in  blood— positive  60  to  70  per  cent., 

pressure  usually  increased. 

2.  Phase  I,  reaction  globulin  and  positive  (90  to  95  per  cent.). 

3.  Lymphocytosis  positive  (90  per  cent.). 

4.  Wassermann  in  fluid. 

(a)  Original  method,  0.2  c.c.  positive  5  to  10  per  cent. 
(6)  Larger  quantities,  100  per  cent. 

III.  Cerebrospinal  syphilis. 

1.  Wassermann  reaction  in  blood  positive  (80  to  90  per  cent.). 

Pressure  frequently  increased. 

2.  Phase  I,  reaction  usually  positive,  exceptionally  negative. 

3.  Lymphocytosis  nearly  always  positive. 

4.  Wassermann  in  fluid. 

(a)  Original  methods  (0.2  c.c.)  positive  in  about  10  per  cent. 
(6)  Larger  quantities  nearly  always  positive  (of  value  in 

diagnosis  of  multiple  sclerosis,  cerebral  and  spinal 

tumor). 

These  results  of  Nonne's  summarize  fairly  accurately  the  present- 
day  attitude  on  the  value  of  the  four  reactions.  The  full  significance 
of  the  findings  can  be  gained  only  by  reference  to  the  originals.  This 
field  of  work  is  rapidly  expanding,  and  that  which  now  appears  on  the 
frontiers  of  our  knowledge  will  undoubtedly  be  much  modified  by  the 
rapidly  advancing  army  of  investigators. 

Among  other  things  it  may  be  gathered  that  most  of  the  therapeutic 
studies  which  have  appeared,  and  which  bear  little  or  no  evidence  of 
the  utilization  of  even  the  laboratory  methods  here  sketched  in  outline, 
are  of  very  little  value.  This  is  particularly  true  in  the  field  of  tabes, 
paresis,  and  cerebrospinal  syphilis.   A  number  of  papers  have  appeared 
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from  tlie  pens  of  able  students  of  neurology  and  psychiatry  which  are 
comparatively  worthless  because  of  the  uncertainties  of  diagnosis, 
lacking  the  final  word  of  laboratory  technique.  It  i°  not  the  place  to 
point  these  out  specifically — here  only  the  more  important  guiding 
principles  of  critique  which  should  be  utilized  in  the  valuation  of  such 
studies  can  be  laid  down. 

5.  The  Eye  Reflexes. — In  the  diagnosis  of  syphilis  of  the  nervous 
system  the  neurological  examination  of  the  eye  reflexes  is  of  paramount 
value.  Here  irregularity  in  the  size  of  the  pupils,  irregularity  in  the 
pupillary  margins,  the  impairment  of  the  consensual  light  reflex,  the 
slowing  in  reaction  to  light,  fatiguability  of  the  light  reflex,  alterations 
in  response  to  accommodation  efforts,  the  full  development  of  the 
Argyll-Robertson  syndrome  are  all  to  be  considered.  These,  one  or 
all,  constitute  extremely  delicate  and  valuable  criteria  for  the  clinical 
appraisement  of  syphilis  of  the  central  nervous  system. 

A  fully  developed  Argyll-Robertson  syndrome — loss  of  direct  pupillary 
light  reflex,  with  free  and  ample  response  to  accommodation  reflexes 
in  one  or  both  e^^es — represents  for  the  most  part  a  fairly  positive 
criterion  of  sj^philis  of  the  nervous  system. 

There  are  many  who  believe  that  this  syndrome  affords  absolute 
proof  of  nervous  syphilis.  This  we  do  not  believe  to  be  true>  not 
only  upon  clinical,  but  also  upon  anatomical  grounds.  Clinically  the 
Argyll-Robertson  syndrome  has  been  observed  following  direct  injury 
of  the  midbrain  structures  (pistol  shot,  Guillain) .  It  has  been  observed 
in  poisonings  other  than  those  of  syphilis,  alcohol,  in  Korsakow, 
Wernicke's  polioencephalitis  superior.  It  may  result  from  pressures, 
tumors  of  third  ventricle,  pineal,  from  poliomyelitis,  from  trypano- 
somiasis, and  from  other  rare  and  anomalous  disorders.  Anatomically 
the  syndrome  represents  implication  of  certain  reflex  paths  in  certain 
peculiar  combinations,  and  such  implications  and  combinations  are 
purely  fortuitous  and  accidental,  i.  e.,  so  far  as  nosology  is  concerned. 

As  a  matter  of  fact,  however,  these  combinations  rarely  take  place 
except  as  a  result  of  the  widespread  changes  induced  by  one  particular 
type  of  poisoning — the  syphilitic  virus — so  that  for  clinical  purposes 
the  presence  of  a  permanent,  bilateral,  Argyll-Robertson  syndrome 
is  nearly  enough  positive  for  syphilis  to  permit  one  to  assume  its 
presence,  and  to  therapeutically  guide  one's  self  accordingly  (Rose). 

Here  again,  however,  one  meets  with  the  pertinent  suggestion  that 
the  testing  for  the  Argyll-Robertson  syndrome  is  not  as  simple  as  it 
is  usually  supposed.  The  ordinary  devices  of  having  a  patient  face  the 
window,  and  then  cover  and  uncover  the  opened  eyes  with  the  hand; 
focussing  the  eye  upon  a  distant  object,  and  then  upon  the  finger  in 
close  proximity  to  the  nose;  these  tests  for  the  most  part  are  entirely 
too  crude  to  permit  one  to  judge  with  certainty  that  the  Argyll- 
Robertson  syndrome  is  present.  Such  methods  may  suffice  for  the 
majority  of  instances,  but  in  no  field  of  neurology  is  it  more  desirable 
to  utilize  the  most  accurate  methods  than  in  dealing  with  the  vexed 
question  of  syphilis  of  the  nervous  system. 
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Few  clinicians  can  follow  out  the  intricacies  of  Weiler's  complicated 
methods,  but  they  may  be  necessary  in  certain  doubtful  cases. 

Repeated  examinations,  under  carefully  re^ndated  supervision,  in 
the  daylifvht,  and  in  the  dark-room,  are  therefore  desirable  when  test- 
ing for  anomalies  in  the  pupillary  reflexes.  Careful  checking  of  the 
results  obtained  by  the  small  pocket  electric  lamps  is  imperative,  as 
occasionally  they  give  anomalous  results  and  may  lead  to  serious  errors 
(Oppenheim).  The  presence  of  a  fully  developed  Argyll-Robertson 
syndrome  may  be  said  to  be  preponderating  proof  positive  of  syphilis 
of  the  central  nervous  system,  particularly  of  the  cerebral  and  mid- 
brain neurones.  Its  absence,  however,  by  no  means  negatives  syphilis 
of  the  nervous  system,  since  cerebral  gummata,  cerebral  syphilis, 
paresis,  tabes,  syphilitic  meningitis,  meningomyelitis,  cord  gummata, 
syphilitic  radiculitis,  syphilitic  neuritis,  all  may  be  present  without 
any  anomalies  in  the  pupillary  reflexes.  It  has  already  been  pointed 
out  that  the  laboratory  findings  of  paresis  and  of  tabes  have  antedated 
the  development  of  neurological  signs  by  at  least  a  couple  of  years, 
and,  moreover,  it  has  been  emphasized  that  pathological  alterations 
in  these  pupillary  reflexes  are  after  all  only  chance  happenings,  that 
certain  reflex  arcs  in  certain  combinations  are  caught  in  the  mesh  of 
the  infiltrative,  sis'philitic  alterations.  The  chance  is  a  large  one,  it  is 
true,  but  still  it  is  purely  a  statistical  matter  of  what  has  happened. 

As  this  chapter  deals  with  therap}^  chiefly,  and  diagnosis  onl.y  in  so 
far  as  it  is  related  to  therapy,  a  fuller  consideration  of  the  pupillary 
reflexes  is  unnecessary.  One  word  may  be  added:  in  many  cases  of 
cerebrospinal  sjqjhilis  one  can  gauge  the  progressive  amelioration  of 
the  patient's  condition  by  the  gradual  return  of  the  anomalous  pupil- 
lary reflexes  to  a  more  normal  condition.  Thus  an  absolute  Argyll- 
Robertson  syndrome  may  become  a  relative  one.  A  unilateral  Argyll- 
Robertson  may  be  lost;  slowly  reacting  pupils  may  show  prompt 
reactions,  irregularities  in  size  may  disappear;  rapid  fatiguability  may 
discontinue;  a  consensual  light  loss,  often  the  first  anomaly  to  appear 
in  cerebrospinal  syphilis,  will  clear  up;  irregularities  in  the  pupillary 
outlines  will  make  way  to  regular  outlines,  etc. 

An  inability  to  modify  pathological  pupillary  reactions  by  ample 
syphilitic  therapy  argues  in  part  for  the  chronicity  of  the  process,  and 
the  inefficacy  of  the  treatment.  This  is  not  an  absolute  rule,  however, 
It  may  be  possible  for  a  syphilitic  process  to  permanently  destroy 
portions  of  the  pupillary  reflex  paths,  and  then  be  completely 
and  permanently  arrested.  The  pupillary  reflexes,  however,  remain 
impaired. 

In  relation  to  this  question  of  the  pupillary  reflexes,  and  antisyph- 
ilitic  treatment,  the  problem  arises — what  is  the  probable  outcome 
of  a  syphilitic  process  which  comparatively  early  in  its  course  has 
destroyed  the  pupillary  reflex  paths?  Can  it  be  decided  say  after  two, 
five,  or  ten  years,  during  which  time  there  has  existed  an  Argyll- 
Robertson  syndrome  and  little  else,  that  the  disease  has  been  completely 
and  permanently  arrested?    Since  the  rapid  extension  of  knowledge 
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concerning  the  cerebrospinal  fluid  this  question  can  be  answered  better 
at  the  present  time  than  ever  before. 

If  the  signs  of  a  meningitis — acute,  subacute,  or  chronic,  i.  e.,  in- 
crease in  celkilar  elements,  increase  in  globulin,  and  positive  cerebro- 
spinal fluid — Wassermann  remain  absent,  then  it  can  be  taken  as  highly 
probable  that  the  disease  process  has  been  arrested.  Judging  by 
clinical  methods  alone,  Nonne  is  of  the  opinion  that  a  long-standing 
and  unchangeable  Argyll-Robertson  pupil  may  be  the  only  lesion  in 
a  practically  cured  syphilis  of  the  nervous  system.  It  is,  howe\'er, 
to  be  realized  that  such  a  pupillary  anomaly  may  exist  as  long  as  from 
twelve  to  sixteen  years — alone — and  then  the  patient  will  develop  a 
paresis  or  tabes.  Of  11  personal  observations  now  existing  from  ten 
to  twenty  years,  only  two  syphilitic  patients  with  long-standing  Argyll- 
Robertson  pupil  have  not  devdoped  further  signs  of  brain  syphilis. 
Certain  deep-seated,  chronic,  syphilitic  arterial  processes,  which  may 
lead  to  focalized  lesions,  hemiplegia,  aphasia,  etc.,  may,  however,  go 
on  for  some  time  without  distinct  signs  of  meningeal  irritation  with. 
the  characteristic  cellular  reactions. 

The  whole  situation  of  latent  syphilis  is  by  no  means  cleared  up, 
even  with  the  flood  of  light  thrown  upon  it  by  the  biological  and  cyto- 
logical  studies  just  referred  to,  but  that  it  is  approaching  solution 
there  is  every  reason  to  confidently  expect.  A  return  will  be  made 
to  this  question  later  in  discussing  the  active  therapy. 

Clinical  Forms. — It  has  already  been  stated  that  the  clinical  forms 
of  syphihs  of  the  nervous  system  are  largely  abstractions.  The  patho- 
logical processes  are  predominantly  either  meningeal,  arterial,  or 
infiltrative,  i.  e.,  gummatous  in  character,  alone  or  in  combinations, 
and  the  clinical  manifestations  are  extremely  variable,  complex,  and 
confusing,  depending  upon  the  interactions  of  the  pathological  trends 
and  the  variations  in  anatomical  paths  interfered  with. 

Fortunately,  for  a  general  outline  of  therapy,  the  clinical  type  is 
perhaps  of  secondary  consideration,  yet  there  are  certain  therapeutic 
variables  that  render  it  desirable  that  a  fuller  analysis  of  clinical  forms 
should  be  made  than  would  at  first  sight  seem  advantageous.  For 
instance,  this  viewpoint  gains  prominence  when  it  is  recalled  that  cer- 
tain patients  with  meningitic  infiltrations  of  the  base,  with  or  with- 
out gummatous  nodules,  either  of  the  base  or  of  the  convexity,  may 
be  at  times  clinically  indistinguishable  from  paresis.  A  nihilistic 
therapeutic  attitude  relative  to  the  latter  process  would  therefore 
work  greatly  to  the  disadvantage  of  a  patient  with  the  former.  A 
like  situation,  though  perhaps  less  frequently,  is  present  in  primary 
syphilitic  endarteritis  of  the  vessels.  That  type  of  syphilitic  endar- 
teritis of  the  small  vessels  of  the  cortex  to  which  Alzheimer  has  called 
particular  attention  is  another  case  in  point. 

It  therefore  seems  desirable  to  pass  rather  rapidly  in  review  some  of 
the  more  salient  "types"  or  "clinical  forms"  of  s\'philis  of  the  nervous 
system,  again  calling  attention  to  the  more  or  less  artificial  character 
of  "type"  or  "form"  creations. 
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In  the  discussion  then  we  shall  take  up  the  following  clinical  forms: 

1.  Syphilis  of  Cranial  Bones,  p.  321. 

2.  Syphilis  of  the  Basal  Meninges,  p.  322. 

3.  Syphilis  of  the  Convexity;  Epilepsies,  p.  323. 

4.  Cerebral  Syphilis— Arterial  Types,  p.  324. 

5.  General  Paresis,  Taboparesis,  p.  342. 

6.  Tabes,  p.  369. 

7.  Syphilitic  Psychoses,  acute  and  subacute,  p.  406. 

8.  Syphilitic  Spinal  ISleningitis;  Meningomyelitis;  Myelitis;  Syphi- 
litic Radiculo-neuritis,  and  related  Syphilitic  Syndromes,  p.  408. 

9.  Hereditary  Syphilis  of  Nervous  System,  exclusive  of  Paresis  or 
Tabes,  p.  415. 

For  a  fuller  consideration  of  the  protean  variations  the  monographs 
of  Riimpf,  Xonne,  Mott,  Plant,  Oppenheim,  Forster,  Schaffer,  and 
Fournier  should  be  consulted. 


1 .  SYPHILIS  OF  THE  CRANIAL  BONES  CAUSING  NERVOUS 

SYMPTOMS 

These  were  recognized  as  early  as  the  end  of  the  sixteenth  century, 
as  has  been  noted  in  the  brief  historical  sketch  here  presented.  It  may 
be  recalled  also  that  one  of  the  evidences  speaking  for  the  American 
origin  of  syphilis  is  the  presence  of  a  bony  syphilis  in  some  of  the  pre- 
historic cranial  bones  found  in  various  Central,  South  American,  and 
North  American  localities  (Hansemann,  Orton,  Herxheimer,  Bloch). 

Syphilis  of  the  cranial  bones  shows  itself  practically  in  the  form  of 
gummata.  Caries  of  the  cranial  bones  alone,  while  known,  rarely 
gives  rise  to  nervous  symptoms,  headache  excepted.  These  gummata 
may  be  circumscribed,  in  which  case,  if  large  enough,  the}^  give  rise 
to  the  symptoms  of  a  tumor  of  the  brain,  wdiich  signs  are  largely,  deter- 
mined by  the  precise  location  of  the  gummata.  These  circumscribed 
gummata  may  attain  enormous  proportions.  A  personal  observation 
recalls  a  gumma  of  the  left  frontal  region  (the  size  of  a  tennis  ball), 
which  originated  in  the  bone  dura  and  protruded  into  the  right  frontal 
lobe.   Similar  gummata  are  not  infrequent. 

Cranial  bone  gummata,  usually  involving  the  dura  as  well,  are  more 
frequently  flattened  and  spreading.  Here  the  symptoms  of  brain 
tumor  are  usually  present.  Headache,  nausea,  vomiting,  sleeplessness, 
are  among  the  general  symptoms,  while  localizing  signs  in  great  variety, 
depending  upon  the  situation  of  the  gummatous  masses  are  present. 
Epileptiform  convulsions,  lasting  for  years,  may  be  the  sole  signs  of 
such  gummatous  formations,  occupying  or  due  to  pressure  upon  the 
motor  areas.  Such  patients  are  often  mistakenly  treated  as  epileptics, 
and  the  monographs  of  Mott,  Oppenheim,  Riimpf,  Nonne,  in  recent 
years,  are  replete  with  autopsy  records  of  such  cases.  Monoplegias 
of  various  sorts  result  from  such,  as  also  aphasias,  word  blindness, 
and  various  cranial  nerve  palsies. 
VOL.  u — 21 
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Rarer  cases  of  cranial  bone  caries  of  tlie  base — sphenoid — compli- 
cated often  by  caries  of  the  upper  vertebrae,  are  also  known.  Petren 
has  studied  these  in  detail,  and  has  shown  the  value  of  the  a:-ray  in 
their  diagnosis. 

2.  SYPHILITIC  MENINGITIS  OF  THE  BASE 

This  is  the  most  common  form  of  cerebral  syphilis.  Its  most  fre- 
quent site,  in  the  beginning,  is  in  and  about  the  interpeduncular  space, 
thus  almost  invariably  involving  the  optic  chiasm.  From  here  it  tends 
to  spread  in  all  directions,  pressing  into  the  sulci,  thickening  the  men- 
inges, by  infiltration,  by  arterial  disease,  or  by  gummatous  growth. 
Usually  all  types  of  pathological  alteration  are  found.  The  gummatous 
masses  not  infrequently  invade  the  brain  structures  as  well,  grow  about 
the  emerging  or  entering  cranial  nerves,  and  even  involve  the  bones 
of  the  skull,  and  the  upper  cervical  vertebrse.  Thus,  spinal  menin- 
geal infiltrations  almost  invariably  accompany  this  basal  syphilitic 
meningitis. 

Whereas  the  diffuse,  conglomerate  types  are  more  frequent,  isolated 
vascular  disease,  circumscribed  gummata,  or  other  simpler  manifesta- 
tions of  the  disease  may  occur,  in  which  latter  case  the  syndromes 
are  apt  to  be  simple. 

The  clinical  course  of  the  more  frequent  types  of  basal  syphilitic 
meningitis  often  resembles  general  paresis,  especially  in  the  beginning, 
but  the  gradual  extension  of  the  infiltrating  or  gummatous  develop- 
ments introduce  variants  which  often  permit  a  differential  diagnosis. 

Headache  is  a  frequent  and  early  sign,  often  preceding  other  symptoms 
by  weeks,  months,  or  even  years.  It  has  the  not  infrequent  night 
exacerbations  so  frequently  pictured  as  characteristic  of  syphilitic 
headache.  It  is  described  variously  as  boring,  stabbing,  and  per- 
cussion at  the  base,  may  show  tenderness,  though  less  frequently  than 
in  convexity  meningitis.  The  cervical  complications  spoken  of  often 
result  in  stiffness  of  the  neck. 

An  early  implication  of  the  optic  nerve  is  to  be  expected.  It  shows 
itself  (20  per  cent,  to  40  per  cent,  of  the  cases)  either  as  a  pressure 
neuritis  (neuritic  atrophy)  of  the  nerve  in  one  disk,  then  in  the  other, 
later,  if  headache  and  vomiting  or  other  signs  of  intracranial  pressure 
are  prominent,  choked  disk  in  both  eyes  is  apt  to  be  present.  Atrophic 
degeneration,  optic  neuritis,  is  less  often  found.  Marked  diminution  in 
visual  acuity  may  be  present  without  any  disk  CN'idences  of  disease. 

The  third  nerve  is  frequently  and  usually  irregularly  involved.  It 
is  characteristic  of  basal  syphilitic  meningitis  that  successive  branches 
are  implicated.  First  one  eye  may  show  a  ptosis,  then  perhaps  an 
internal  rectus  palsy,  then  the  other  eye  may  show  a  dilated  pu])il, 
slow  in  its  reactions  to  light,  then  ptosis  develops  here.  Occasionally 
the  accommodation  reflex  is  lost.  A  series  of  cases  will  show  a  great 
variety  of  oculomotor  palsies.  A  true  Argyll- Robertson  syndrome  is 
not  infrequently  obtained.     (See  Plate  XIX.) 


Fi.j.  I 


Cere  I. If,  I  s,  s  ,  .i .  1 1 ,  External 
Refills*  I-'. iisv. 


SYPHILITIC  MENINGITIS  OF  THE  CONVEXITY 


323 


Other  cranial  nerves  are  often  included.  Variations  in  the  corneal 
reflex,  in  the  sensibility,  pain,  anesthesise  of  the  face,  point  to  a  tri- 
geminal complication.  A  peripheral  facial  palsy  may  be  present.  In 
some  individuals  the  deeper  lying  cranial  nerves  9,  10,  11,  12  are  caught 
in  the  syphilitic  extension,  with  their  characteristic  symptoms. 

The  mental  picture  is  usually  very  striking.  It  is  frequently  that  of 
a  slowly  developing  apathy,  or  heaviness  advancing  to  coma,  or  uncon- 
sciousness, with  periods  of  acute  confusion,  possibly  violent  delirium. 
There  is  a  marked  variability  in  these  patients  from  day  to  day  and  also 
considerable  differences  in  different  patients.  Some  patients  develop 
a  sort  of  drunken  delirium;  others  are  heavy,  and  stupid  and  apathetic; 
others  are  furiously  violent. 

One  special  feature  is  frequently  met  with.  This  is  a  rapid  altera- 
tion in  the  mental  picture,  when  after  a  period  of  acute  confusion  or 
deep  coma  the  patient  becomes  almost  practically  clear  within  a  few 
hours.  This  occurrence  may  even  follow  a  period  of  convulsive  seizures. 
Careful  tests  reveal  an  underlying  series  of  defects,  it  is  true,  but  from 
a  lay  vie^^^oint  the  patient  may  appear  to  have  made  a  complete 
recovery  so  far  as  his  psychosis  is  concerned.  Without  treatment, 
however,  the  patient  again  develops  his  apathy,  confusion,  delirium, 
or  coma  and  not  infrequently  dies  in  this  state.  Sometimes  death 
results  by  suicide  as  the  patient  develops,  slowly  or  rapidly,  a  distinct 
depression  with  possibly  persecutory  ideas. 

Thus,  mentally,  the  patients  may  show  the  old-time  rubrics  of  acute 
confusion,  dementia,  mania,  melancholia,  paranoia,  etc.  This  alone 
indicates  the  futility  of  regarding  the  symptom  pictures  which  have 
gone  by  these  names  as  diseases,  some  for  hundreds  of  years.  Happily 
present-day  psychiatry,  largely  under  the  influence  of  Kraepelin's 
teaching,  recognizes  them  as  only  the  protean  and  kaleidoscopic  picture 
formation  of  not  only  syphilis,  but  other  disease  processes  as  well. 

Biological  and  cytological  methods  have  permitted  this  definite 
change  in  attitude,  and  have  shown  the  essential  and  close  relationship 
of  many  diverse  neurological  and  psychotic  syndromes. 

3.  SYPHILITIC  MENINGITIS  OF  THE  CONVEXITY 

This  differs  from  the  former  only  in  the  trend  of  its  symptoms.  The 
pathological  processes  are  practically  identical.  Many  individuals 
show  that  the  process  is  general,  involving  both  the  base  and  the  con- 
vexity; in  some  instances  the  pathological  changes  being  more  marked 
on  the  convexity  than  on  the  base.  It  is  largely  a  question  of  chance, 
the  causes  for  which  are  as  yet  difficult  to  grasp,  why  one  region  should 
be  affected  more  than  another.  Sometimes  a  blow  on  the  head  deter- 
mines that  general  place  as  the  site  for  the  after-coming  storm.  This 
does  not  mean  that  the  blow  had  much  to  do  with  the  storm,  it  only 
serves  as  a  cause  to  determine  just  where  it  will  be  more  likely  to  centre. 

Convexity  syphilis,  like  the  basal  variety,  may  be  a  fairly  localized 
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affair,  or  it  may  be  diffuse.  It  may  be  limited  to  the  meninges,  or 
involve  the  bones,  or  the  brain,  or,  as  is  most  usual,  all  three. 

Here,  headache  is  a  prominent  sign.  It  is  paroxysmal,  and  often 
shows  a  nocturnal  increase  in  severity.  Percussion  affords  valuable 
evidence,  as  localized  tenderness  is  very  frequent.  Here  the  general 
symptoms  of  brain  pressure  are  usually  less  emphasized.  Nausea, 
vomiting,  giddiness,  may  be  present,  but  are  usually  late  in  develop- 
ment, or  more  transitory.  Optic  nerve  changes  are  less  frequent. 
Isolated  symptoms  are  more  prominent.  Epileptiform  convulsions 
indicate  that  the  process  is  in  or  about  the  motor  area.  Not  infrequently 
the  attacks  are  of  the  Jacksonian  type.  Involvement  of  Broca's  con- 
volutions produces  temporary  or  more  enduring  motor  aphasic  attacks. 
Sometimes  these  aphasic  attacks  clear  up  in  a  few  minutes,  an  hour 
or  so,  or  a  few  days.  Minor  speech  difficulties  may  only  indicate  the 
possibility  that  an  aphasia  would  develop.  Complete  motor  aphasia 
develops  only  as  a  rule  with  hemiplegic  or  monoplegic  accompaniments. 
Pseudobulbar  palsy  attacks  indicate  a  bilateral  involvement,  probably 
both  cortical,  less  frequently  cortical  on  one  side,  and  subcortical  on 
the  opposite  side. 

Monoplegias  of  varying  types  are  not  infrequent.  Bergmark  (Brain, 
1911)  has  devoted  a  large  monograph  to  this  study.  Sensory  disturb- 
ances, hemianesthesise,  astereognosis,  haptic  hallucinations  are  met 
with. 

With  diffuse  meningo-encephalitic  changes  the  picture  of  general 
paresis  is  assumed,  and  it  is  particularly  difficult  to  differentiate  this 
disorder.  The  clinical  pictures  may  be  as  various  as  those  of  paresis. 
Possibly  the  only  means  that  we  possess  to  distinguish  is  that  claimed 
by  Plant,  and  apparently  substantiated  by  Nonne  and  several  others, 
that  in  paresis  the  four  reactions  are  all  positive;  the  cerebrospinal 
fluid  showing  a  positive  Wassermann  with  0.2  cm.  of  fluid.  With 
meningo-encephalitis  Hauptmann  and  Nonne  have  shown  that  the 
fluid  is  negative  w^hen  small  quantities  are  used,  but  positive  wdien 
0.4  cm.  are  employed. 

This  generalization  seems  to  hold  true  not  only  for  convexity  men- 
ingitis, but  also  for  those  in  which  the  base  is  more  especially  involved, 
although,  as  will  be  later  pointed  out,  in  the  discussion  of  paresis, 
variability  in  the  Wassermann  reaction  is  not  unusual. 

4.  CEREBRAL  SYPHILIS 

Arterial  Type. — In  considering  the  symptomatology  of  patients  who 
are  thought  to  have  cerebral  syphilis,  attention  may  again  be  called 
to  the  fact  that  the  dividing  lines  between  cerebral  syphilis,  basal 
meningeal  syphilis,  convexity  syphilis,  etc.,  are  indefinite.  Rarely  does 
one  find  a  pure  basal  or  convexity  meningitis  without  some  involve- 
ment of  the  cerebral  substance  on  the  one  hand,  while  it  is  probably 
as  rare  to  find  syphilitic  processes  strictly  limited  to  the  cerebral  sub- 
stance, and  not  involving  the  meninges.   One  can  postulate  pure  types 
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Cerebral  Syphilis  of  Convexity.     Chronic  Epileptiform 
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Chronic  Epileptiform  Convulsions  due  to  Syphilitic  Lepto- 
meningitis and  Syphilitic  Vascular*  Disease.  (Lafora.) 


Cerebral  Syjohilis  (arterial  type)  with  Softening.  Aphasia, 
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for  purposes  of  description,  hut  disease  is  rarely  a  respector  of  one 
cerebral  tissue  more  than  another. 

Symptoms. — It  is  for  this  reason  that  one  is  constantly  reminded 
of  the  multiplicity  of  symptoms  found  in  cerebral  syphilis.  In  this 
connection  it  would  not  be  without  profit  to  glance  for  a  moment 
at  the  diagnoses  of  certain  cases  reported  by  Nonne  in  his  monograph 
several  times  alluded  to.  The  patients  were  illustrations  of  basal, 
or  convexity,  or  encephalic  brain  syphilis,  usually  combined  forms. 
The  short  descriptive  diagnoses  run  as  follows:  Specific  headache  a 
vear  after  infection,  with  secondaries  in  skin  and  mucous  membranes; 
headache  and  pupillary  anomalies;  headache  and  obstinate  vomiting 
with  tertiary  testicle  signs;  progressive  simple  dementia  cured  by  treat- 
ment; progressive  dementia  with  defect;  combination  of  convexity, 
meningitis  and  paresis;  gummatous  meningo-encephalitis  of  convexity 
with  general  symptoms,  choked  disk,  and  antisyphilitic  treatment 
unavailing;  surgical  treatment  of  gummata,  with  cure;  Jacksonian 
epilepsy;  cortical  epilepsy,  choked  disk,  paresis  of  left  leg;  cortical 
epilepsy,  optic  neuritis,  arterial  hemiplegia;  cortical  hemiepilepsy 
and  general  cortical  symptoms;  arterial  hemiapoplexy,  with  hemi- 
epileptic  convulsions;  generalized  epileptic  seizures;  hemianesthetic 
attacks,  with  cortical  general  signs;  uremia,  etc.  Such  illustrations 
might  be  almost  indefinitely  continued.  They  are  not  the  exceptions, 
they  are  the  rule.  One  is  tempted  to  indulge  in  the  generalization 
that  one  hundred  consecutive  patients  with  the  types  of  cerebral 
syphilis  under  consideration  would  show  one  hundred  different  clinical 
syndromes.  Practically  all  of  those  just  enumerated  belong  to  the 
convexity  t^'pes  of  cerebral  syphilis.  Their  enumeration  may  prove 
of  service  in  localizing  the  process. 

A  similar  series  for  the  basal  types  may  be  equally  of  service :  Gumma 
of  right  frontal  lobe;  anosmia;  pressure  neuritis  of  optic  nerve;  choked 
disk  with  general  cerebral  symptoms;  bilateral  neuritic  optic  atrophy; 
recurrent  optic  atrophy;  hemianopsia;  bitemporal  hemianopsia;  homo- 
nymous left-sided  hemianopsia,  with  right-sided  abducens  palsy;  tem- 
poral hemianopsia;  cranial  nerve  and  epilepsy;  hemianopsia;  hemianopic 
pupillary  reaction,  oculomotor  palsy,  epilepsy;  ptosis;  internal  rectus 
palsy;  optic  atrophy;  partial  oculomotor  palsy,  fifth,  seventh  palsy; 
second,  third,  fourth,  fifth,  sixtn  nerve  involvement;  fifth,  sixth, 
seventh,  eighth  nerve,  right  arm  and  leg  palsy;  seventh,  eighth, 
psychosis  (paranoia  acuta),  with  manic  moods;  third,  fourth,  sixth, 
tenth,  eleventh  nerve  palsies;  second,  third,  fourth,  sixth,  seventh  with 
epilepsy;  third,  fourth,  seventh,  polyuria;  isolated  internal  ophthal- 
moplegia— to  mention  any  more  would  be  to  needlessly  extend  this 
chapter.    The  lesson  such  findings  indicate  is  obvious. 

But  eliminating,  as  far  as  possible,  the  varied  syndromes  of  convexity 
or  basal  syphilitic  meningitis,  and  limiting  the  discussion  of  the  present 
section  to  those  forms  of  cerebral  syphilis  due  more  particularly  to 
arterial  disease,  what  is  its  more  frequent  symptomatology? 

In  the  first  place  it  may  be  mentioned  that  arterial  types  of  brain 
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syphilis  may  be  found  very  shortly  after  infection — as  short  a  time  as 
two  or  three  months.  Naunyn  in  a  thorough  study  found  that  48  per 
cent,  of  ;^35  cases  reported  on  by  him  developed  signs  of  cerebral  syphilis 
within  three  years.  On  the  other  hand,  forty  years  have  been  known 
to  elapse  between  infection  and  the  development  of  a  cerebral  syphilis. 
There  is  no  rule,  and  Fournier's  large  statistics  are  not  borne  out  by 
other  workers. 

Here  the  prodromal  symptoms  are  usually  headache,  dizziness, 
sleeplessness,  irritability,  inability  to  apply  one's  self  continuously 
to  one's  work,  lack  of  interest  in  work,  etc.;  in  general,  the  so-called 
neurasthenic  syndrome.    These  are  naturally  not  absolute. 

Headache. — The  headache  is  usually  very  disagreeable;  it  usually 
has  a  migratory  character — ^here,  there,  and  elsewhere,  usually  dull, 
it  is  at  times  boring.  It  is  inconstant,  intermittent,  often,  not  by  any 
means  always,  worse  at  night  than  in  the  da^lime.  It  may  disappear 
for  weeks  or  months,  and  then  suddenly  reappear.  It  may  also  be  the 
only  sign  of  cerebral  syphilis  for  months  or  even  years. 

Dizziness. — Dizziness,  in  shorter  or  longer  attacks,  is  very  significant 
of  the  arterial  disease.  It  is  usually  associated  with  the  headache 
but  may  appear  as  the  single  symptom  of  brain  syphilis.  Like  the 
headache  it  is  apt  to  be  increased  by  mental  or  physical  work. 

Insomnia. — Insomnia  is  frequent,  often  obstinate,  quite  variable 
and  not  infrequently  sleep  is  made  irregular  and  non-restful  by  the 
sense  of  heaviness  in  the  head  or  actual  headache. 

Psychical  Disturbances. — Ps^^chical  disturbances  are  the  rule  in  these 
patients  with  arterial  disease  of  the  cerebrum.  They  become  more  or 
less  apathetic,  lose  interest  in  their  work;  are  unable  to  work  because 
of  forgetfulness  or  inefficiency.  With  this  there  is  increasing  irritability; 
an  inability  to  size  up  the  situation.  Such  severe  disturbance  is  arrived 
at  only  after  some  time  as  a  rule. 

Abnormal  Sleepiness. — -Abnormal  sleepiness,  coming  on  in  attacks, 
is  not  infrequent — such  periods  of  torpor  or  apath}^  often  intermitting 
with  periods  of  anxiety  or  of  acute  restfulness  or  excitement.  Periods 
of  stupor  or  semidrunken  states  may  occur.  They  often  presage 
more  distinct  neurological  signs,  being  based  as  they  frequently  are 
upon  sudden  extravasation,  infiltration,  or  thrombotic  plugging  oft'  of 
the  blood  from  small  areas  of  brain  tissue. 

Many  patients  with  cerebral  syphilis  of  this  general  character 
remain  in  this  condition,  it  may  be  for  some  time;  they  show^  a 
picture  precisely  similar  to  certain  patients  with  general  paresis.  It 
is  in  this  general  group  that  the  greatest  difficulties  in  diagnosis 
occur. 

As  has  been  previously  stated  a  positive  "four  reactions"  is  the 
sole  criterion  for  dift'erentiating  the  two  in  the  present  state  of  our 
knowledge. 

Brain  tumor  is  also  to  be  thought  of  in  diagnosis.  Paresis,  brain 
tumor,  possibly  a  gumma,  cerebral  syjjhilis,  at  times  cannot  be  dis- 
tinguished one  from  another  clinically.     With  brain  tumor,  non- 
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complicated  by  syphilis,  the  absence  of  the  four  reactions  affords  a 
positive  criterion. 

Local  Symptoms.— As  a  rule,  however,  the  greater  number  of  indi- 
viduals witii  cerebral  syphilis  develop  local  symptoms,  and  neurological 
rather  than  psychiatric  syndromes  come  into  relief,  or  the  latter  are 
intermingled  with  the  former.  Palsies  develop.  These  are  transitory, 
partial  not  witlespread,  or  may  be  severe,  complete,  and  permanent, 
showing  various  hemiplegic  syndromes,  according  to  the  anatomical 
site  of  major  disturbance— usually  thrombotic — cortical,  capsular, 
midbrain,  peduncles,  pons,  or  medulla— the  symptomatology  of  the 
different  forms  of  which  are  dealt  with  in  this  volume  in  the  chapters 
on  Hemiplegia,  Midbrain  Syndromes,  Aphasia,  Apraxia,  etc.,  by  Drs. 
Tilney,  Holmes,  Russel,  and  Wilson. 

Successive  attacks  of  mild  and  transitory  palsies  are  very  significant 
of  cerebral  syphilis. 

^Monoplegias  are  not  infrequent,  one  arm,  one  leg,  one  side  of  the  face, 
possibly  the  cortical  speech  areas  with,  in  case  of  double  lesion,  pseudo- 
bulbar palsy.  Minor  speech  disturbances  are  extremely  frequent, 
tremors  of  the  facial  muscles  usually  accompanying  the  stumbling, 
stuttering,  or  drawling  speech. 

A  list  of  the  usual  clinical  diagnoses  similar  to  those  already  out- 
lined for  basal  or  convexity  meningitis  would  show  a  multiplicity  of 
phenomena,  no  less  complex,  in  the  neurological  field  and  certainly 
infinitely  more  varied  in  the  mental  symptom  pictures.  As  these  latter 
will  be  discussed  more  in  detail  in  the  section  on  the  Psychoses  (p.  342), 
no  further  mention  wall  be  made  of  them  here. 

Details  of  Treatment  of  Cerebral  Syphilis — This  section  will  deal 
■with  the  treatment  of  the  forms  of  syphilis  of  the  nervous  system  which 
have  been  discussed  in  the  four  preceding  paragraphs.  The  treatment 
of  other  forms  of  nervous  syphilis  will  be  discussed  in  following  para- 
graphs. The  treatment  of  certain  special  syndromes,  hemiplegia, 
aphasia,  etc.,  for  instance,  which,  while  probably  due  to  syphilitic  brain 
disease  as  well  as  to  other  factors,  is  taken  up  in  other  chapters. 

Insofar  as  they  are  conditioned  by  cerebral  syphilis  the  treatment 
of  the  syphilis  will  be  considered  here,  but  the  care  of  the  after-results 
will  be  found  in  the  chapters  referred  to. 

As  has  already  been  noted,  the  general  trends  of  the  reaction  to 
the  syphilitic  organism  in  the  nervous  system  are  toward  (a)  specific 
inflammatory  changes  in  the  membranes  or  bloodvessels  leading  to 
alterations  of  the  blood  supply  through  thromboses  and,  hence,  to 
death  and  destruction  of  nervous  tissues,  or  to  new  growths,  gummata, 
which  may  remain  or  break  down;  (h)  to  secondary  toxic  changes, 
accompanied  or  not  by  the  specific  inflammatory  changes  just  noted, 
and  constituting  the  general  reaction  type  termed  para-  or  meta- 
syphilitic  and  (c)  to  such  forms  of  modification  of  the  germ  plasm 
through  toxin  activities  which  results  in  impaired,  debased,  or  neural 
development,  with  or  without  the  pr(>sencc  of  changes  found  in  trends 
(a)  or  (6).  These  may  be  summarized  under  the  head  of  hereditary 
syphilis. 
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In  this  section,  treatment  will  be  limited  to  the  specific  inflammatory 
changes  just  outlined.    It  is  preventive  and  specific. 

Prevention  of  Cerebral  Syphilis. — The  large  proMem  of  prevention 
of  syphilis  in  general  cannot  be  discussed  here.  In  Volume  I  of  this 
work,  Havelock  Ellis  has  taken  up  the  problem  of  individual  sexual 
hygiene  and  self-control.  Until  the  human  individual  metamorphoses 
the  superabundant  sexual  energy,  which  nature  lavishly  bestows  upon 
him,  into  other  forms  of  productivity  than  sexual  intercourse,  prosti- 
tution and  syphilis  will  remain  a  menace.  That  powerful  instrument 
for  cultural  advance,  the  brain,  will  continue  to  pay  its  toll  so  long  as 
it  falters  in  its  task  in  properly  controlling  the  race  perpetuation  impulse 
— confessedly  the  most  imperious  of  all  impulses  of  the  human  species. 
Complete  release  from  syphilis  will  only  come  when  this  ideal  has  been 
attained.  At  the  present  stage  of  man's  control  or  modification  of  the 
sexual  impulse  syphilis  is  one  of  the  powerful  allies  of  this  ideal  toward 
another  type  of  sexual  ethics.  It  is  rarely  known  to  be  such,  but  this 
unconscious  feeling  is  responsible  for  much  of  the  attitude  of  enlightened 
humanity  toward  many  of  the  sexual  problems  of  the  day.  It  is  largely 
by  reason  of  this  that  there  is  so  much  difference  of  opinion  as  to  the 
best  modes  of  legislation. 

Any  attempt  to  legislate  the  creative  instinct  out  of  man  is  doomed 
to  disappointment.  Education  will  bring  about  a  better  cultural 
standard,  and  syphilis  itself  will  be  an  element  in  the  educative  process. 
Prostitution  is  only  secondarily  an  economic  problem.  It  is  a  fundamen- 
tal situation  which  occupies  a  central  position  in  sexual  science,  and 
which  fortunately  is  being  regarded  in  the  light  of  a  scientific  rather  than 
a  religious  problem.  It  will  only  be  when  the  biological  significance 
of  the  creative  instinct  is  grasped,  and  social  economic  situations .  are 
adapted  to  meet  it  that  such  problems  of  responsibility  and  relative 
abstinence  can  be  worked  out.  Then  a  scientific  sexual  ethics  will 
arise  which  will  not  need  syphilis  or  gonorrhea  as  one  of  its  necessary 
co-workers.  Our  present  sexual  ethics  is  a  survival  of  an  older  civiliza- 
tion. It  was  adapted  to  States  when  slavery  was  the  normal  situation, 
when  women  were  regarded  as  slaves,  as  property;  when  women  were 
undervalued;  when  individual  love  (romantic  love)  was  deprecated; 
and  when  work  was  despised.  The  debasement  of  work  leads  to  an 
aristocratic  snobbery  which  is  an  important  standard  in  the  situation. 
Religious  and  legal  ideals — also  survivals — are  founded  on  this  slave 
ethics  and  are  in  need  of  serious  revision  if  a  newer  cultural  adaptation 
is  to  result. 

Legislation  thus  far  has  made  a  farce  of  the  whole  business,  ^^^lat 
has  been  done  helps  to  fatten  the  purses  of  corrupt  politicians  and 
other  bits  of  the  legal  machinery.  In  fact,  the  prevalent  mode  of 
attacking  the  situation  is  by  means  of  a  hypocritical  fostering  of  the 
most  corrupt  elements  of  society  for  personal  exploitation — political 
and  judicial.    The  subject  cannot  be  further  entered  into  here. 

Individual  prophylaxis  is  entitled  to  serious  consideration.  Army 
and  navy  regulations  by  the  use  of  protectors,  gray  ointment  or  other 
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antiseptic  to  smear  the  i)repiiee  after  coitus,  Ayasliin<;  of  the  meatus 
with  argyrol  or  simihir  preparation,  these  and  simihir  procedures  have 
cut  down  tlie  amount  of  syphihs  in  the  army  and  navy  considerably. 
Such  methods  of  general  propiiylaxis  are  better  treated  of  in  a  work 
on  sexual  hygiene  (Bloch). 

The  treatment  of  syphilis  in  its  early  stages  is  also  not  material  for 
this  section.  Fournier's  dogma:  strike  hard,  quick  and  often,  is  the 
surest  way  of  preventing  nervous  syphilis.  Notwithstanding  appar- 
ently thorough  treatment  in  its  early  stages,  secondary  and  tertiary 
syphilis  of  the  nervous  system  appears. 

'  Active  Treatment.— The  treatment  of  cerebral  syphilis,  appearing  in 
any  of  the  forms  previously  enumerated,  is  often  extremely  satisfactory. 
In"^  fact  at  times  one  might  say  the  results  are  often  too  good,  as 
the  speedy  relief  not  infrequently  leads  the  patient  to  forego  further 
treatment,  or  causes  him  to  pursue  his  course  half-heartedly. 

Cerebral  syphilis  for  the  most  part  is  accompanied  by  active  spiro- 
chetes; hence,  the  therapy  is  to  be  directed  against  this  organism. 
For  spirochetal  poisons  we  possess  mercury,  arsenic,  and  iodine.  Mer- 
cury and  arsenic  are  active,  iodine  is  very  weakly  toxic,  but  Neisser's 
most  recent  studies  tend  to  show  that  it  has  actions  other  than  that 
usually  ascribed  to  it,  namely,  to  promote  the  taking  away  of  breaking 
down  syphilitic  tissue  or  its  product — its  so-called  resorption  action. 
Neisser  teaches  that  iodides  in  large  doses  are  toxic  to  spirochetes 
as  well. 

The  treatment  of  nervous  syphilis  then  should  be  an  attempt  to  follow 
out  a  general  antisyphilitic  treatment,  w^ith  special  attention  to  certain 
structural  peculiarities  of  the  nervous  system.  These  peculiarities  are 
of  much  importance.  In  the  first  place,  small  lesions  in  the  central 
nervous  system,  by  impinging  on  important  centres,  bring  about 
disastrous  results,  optic  atrophy,  pontine,  medullary  hemorrhages, 
etc.  The  enormous  importance  of  correct  nervous  and  mental  func- 
tioning in  the  struggle  for  existence  is  self-evident.  The  difficulties 
in  the  way  of  repair  are  enormous — ^at  times  insuperable — in  nervous 
tissues. 

Hence,  one's  attack  upon  nervous  syphilis  should  be  prompt  and 
complete.  A  complete  sterilization  is  desirable^ — and  this  is  often 
extremely  difficult  to  bring  about  in  nervous  tissues. 

It  must  always  be  borne  in  mind  that  cerebral  syphilis  is  often  present 
with  a  negative  Wassermann — this  finding  then  should  not  deter  one 
if  there  are  clinical  signs  of  diagnostic  import.  Not  infrequently  active 
antisyphilitic  treatment  (salvarsan)  causes  the  appearance  of  a  positive 
blood  reaction — how  often  this  occurs  is  not  vet  known. 

Study  of  the  cerebrospinal  fluid  is  often  a  better  guide  to  the  correct 
appreciation  of  the  situation  as  well  as  a  reflection  of  the  activity  of 
the  process.  Lymphocytosis  is  often  present  months  or  years  before 
any  definite  nervous  signs.  Lumbar  puncture  is  too  often  neglected 
in  cerebral  syphilis.  Many  authors  state  that  if  the  blood  is  negative 
to  Wassermann  there  is  little  occasion  for  studying  the  cerebrospinal 
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fluid.  This  leads  to  bad  results.  Vascular  and  meningo-vascular 
processes  may  progress  for  years  in  nervous  tissues  without  gi\ing 
rise  to  a  positive  Wassermann.  Here  is  a  situation  in  which  this 
symptom  fails  to  be  present. 

An  energetic  cure  shoukl  therefore  be  carried  out  if  there  are  sug- 
gestive signs  of  nervous  syphilis,  even  should  there  be  a  negative 
Wassermann. 

As  to  what  an  energetic  cure  should  consist  of  there  are  divergent 
opinions,  even  among  the  most  experienced.  One  reason  for  this  is 
that  syphilitic  reactions  in  nervous  structures  are  associated  with 
special  dangers,  and  hence,  certain  precautions  are  suggested.  Xot 
infrequently,  as  in  the  case  of  thrombosis,  the  syphilitic  disease  per  se 
is  not  in  nervous  tissues  at  all,  but  in  possibh^  a  fairly  distant  blood- 
vessel. The  syphilitic  process  about  the  bloodvessel  can  be  modified; 
the  degeneration  in  an  area  cut  off  by  the  thrombosis  cannot  be 
changed  at  least  not  by  remedies  directed  toward  the  syphilis. 
Hence  in  nervous  syphilis  the  problems  of  treatment  are  often  of  a 
special  kind. 

In  certain  patients,  rapid  action  seems  imperative;  in  others,  the 
need  for  this  rapidity  is  not  so  much  in  evidence.  Granted  a  knowledge 
of  these  requirements,  it  is  not  as  simple  as  it  might  seem  as  to  the 
choice  of  remedies.  Iodides  given  by  the  mouth  in  doses  of  30  grains, 
2  grams  a  day,  show  evidences  of  activity  in  about  one  week.  ]\Iercury 
by  inunction  shows  results  in  about  five  days,  while  the  newer  arsenical 
preparations  show  reactive  capacities  in  about  forty-eight  to  se^'enty- 
two  hours.  None  of  these  figures  should  be  accepted  as  final,  so  far 
as  curative  action  is  concerned,  nevertheless  they  are  worth  something. 
It  is  not  apparent  that  iodides  have  a  rapid  toxic  action;  hence,  in 
lesions  which  are  characteristic  of  the  more  florid  aspects  of  spirochetal 
growth— basal  meningeal  types  of  acute  onset  particularly — they  should 
not  be  chosen  in  the  initial  attack. 

Inunction  Method. — For  years  neurologists  have  taught — chiefly  under 
the  influence  of  Erb — that  nerve  sj^jhiKs  is  best  attacked  by  the  inunc- 
tion method — combined  wdth  iodides.  In  those  situations  in  which 
the  time  element  is  of  less  moment  this  attitude  seems  justifiable. 

Oleate  of  Mercury. — Different  possibilities  are  here  presented.  The 
oleate  of  mercury  is  of  value  in  that  it  is  comparatively  cleanly  and 
produces  results  as  rapidly  as  other  mercurial  preparations  applied  to 
the  skin.  A  dram  of  the  10  per  cent,  oleate  is  to  be  used  night  and 
morning  for  four  days.  The  patient  then  takes  a  vapor  bath  and  the 
same  dose  is  used  once  a  day  for  four  days  more.  If  sponginess  and 
soreness  of  the  gums  do  not  appear — with  cleaned  teeth  and  gums — 
the  double  dose  may  be  continued;  otherwise  a  single  dose  should  be 
utilized.  In  using  the  oleate  one  usually  employs  a  small  piece  of  flannel 
in  the  rubbing— the  first  dose  should  be  larger  as  the  flannel  absorbs 
it,  and  the  same  piece  of  flannel  should  be  used  continuously. 

The  oleate  may  irritate  the  skin,  but  as  it  is  absorbed  fairly  well 
from  all  parts  of  the  body  one  can  shift  around  more  readily  with  it 
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than  with  other  mercurial  ointments.  One  object  of  using  the  oleate  is 
on  the  ground  of  secrecy.  This  has  certain  obvious  advantages  wliich 
may  be  further  emphasized  by  the  rubbing  of  the  remedy  directly 
over  or  in  the  neighborhood  of  the  chief  localization  of  tlie  lesion  when 
possible. 

This  line  of  treatment  should  continue  at  least  six  weeks;  after  the 
first  week  10  grains  (0.6  gram)  of  potassium  iodide  t.  i.  d.  should  be 
administered  during  the  course  of  treatment.  There  is  very  little 
ad\  antage  in  raising  the  amount  of  iodide  above  GO  grains  (2  grams) 
a  tla\'.  After  six  or  eight  weeks  the  treatment  should  be  discontinued 
absoluteh- — to  be  renewed  not  later  than  three  months  after  the  ter- 
mination  of  the  last  treatment.  A  third  and  fourth  course  is  advisable, 
even  imperative  if  a  positive  Wassermann  is  present  in  the  blood  or 
lymphocytes  above  10  to  the  c.mm.  are  obtained  from  the  cerebro- 
spinal fluid. 

Unguentuiii  Hydrarcjyri. — Unguentum  Hydrargyri  is  much  used  and 
widely  recommended.  It  has  the  disadvantage  of  being  dirty  and  of 
attracting  attention.  The  latter  may  be  partly  obviated  by  adding 
some  non-stainable  coloring  matter,  or  some  smelling  compound  such  as 
balsam  of  Peru.  Attention  can  thus  be  diverted  from  its  characteristic 
color.  The  ointment  is  used  in  daily  doses  of  from  5j  (4  gram)  to 
5ij  (8  gram),  best  rubbed  in  in  the  evening  in  a  fairly  definite  manner, 
and  in  places  where  the  skin  is  more  permeable.  One  uses  the  inner 
surface  of  the  arm  and  forearm  for  the  first  rubbings,  covering  them 
with  bandages,  then  the  inside  of  the  groin,  then  the  popliteal  space, 
then  the  abdomen  and  back.  The  fifth  or  sixth  day  the  patient 
omits  his  rubbing — takes  a  Turkish  bath  and  then  starts  over  the 
same  course.    This  course  is  kept  up  for  thirty  doses. 

Other  Details. — The  care  of  the  skin  and  of  the  mouth  is  naturally 
to  be  kept  in  mind.  The  blood  Wassermann  should  be  tested  at  the 
end  of  the  period,  and  if  strongly  positive,  or  if  spinal  puncture 
shows  active  lymphocytosis,  or  if  clinical  signs  seem  slow  in  respond- 
ing, the  inunctions  should  be  continued  at  least  two  or  three  weeks 
longer. 

Checking  up  by  Wassermann  and  lumbar  puncture  three  or  four 
months  later,  or  any  increase  in  clinical  signs  should  determine  a  repe- 
tition of  the  treatment  along  identical  or  more  strenuous  lines. 

Iodides,  30  grains  daily,  are  to  be  given  throughout  the  course  of 
the  inunctions.  All  medication  should  cease  at  the  end  of  the  cure, 
unless  there  are  definite  indications  for  its  continuance. 

Other  mercurial  inunction  masses  may  be  used.  Those  of  value  are 
the  hydrargyri  vasenol,  vasogen,  mitin,  resorbin,  which  have  special 
indications  which  may  render  them  particularly  valuable. 

Injection  Treatment. — Injection  treatment  attempts  an  even  more 
rapid  and  energetic  attack  upon  the  spirochete.  Many  battles  have 
been  fought  among  syphilographers  as  to  the  comparative  merits  of 
the  insoluble  or  soluble  salts.  When  so  much  diversity  of  opinion 
can  be  found,  it  usually  indicates  that  the  real  differences  are  usuallv 
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minimal.  Hence,  ease  of  administration,  safety,  painlessness,  etc.j 
determine  the  clioiee  of  the  remedy  in  each  case. 

Calomel,  mercury  salicylate,  and  thymol  acetate  are  among  the  more 
favored  insoluble  salts,  ('alomel  has  occupied  a  high  rank  and  can  be 
utilized  in  the  following  forms: 

Grams. 


— Hydrargyi  chloridi  mitis   5.0 

Sodii  chloridi   5.0 

Aq.  dest   50.0 

Mucilagio  Arabici   2.5 


— Hydrargyri  chloridi  mitis 
01  sesami,  10  per  cent. 

Pravaz  syringeful  every  second  or  third  day,  preferably  into  the 
muscles  of  the  thigh  or  back,  for  12  to  15  doses. 

The  hypodermic  use  of  calomel  is  often  accompanied  by  much  pain. 
Abscess  and  necrosis  is  not  uncommon,  and  lung  emboli  ma\'  occur 
— with  care,  however,  calomel  given  by  hypodermic  is  free  from  danger. 

Creams  of  calomel,  devised  by  Lambkin,  have  been  extensively 
used,  as  they  cause  less  pain  and  give  rise  to  no  complications  if  bloodT 
vessels  are  avoided.  These  creams  should  be  sterile.  The  formulae  of 
some  in  use  are  as  follows: 


Grams. 

I^— Calomel  5.0 

Creosote  20.0 

Camphoric  acid  20 . 0 

Palmitin  100.0 

Inject  10  m.  of  this  cream  once  a  week  for  one  month,  to  be  replaced 
by  the  following: 

Grams. 

— Hydrargyri  (metallic)  10.0 

Creosote  20.0 

Camphoric  acid  20.0 

Palmitin  100.0 


This  is  injected  in  doses  of  10  HI  twice  a  week  for  three  weeks. 

After  six  doses  have  been  given,  no  more  doses  for  two  months. 
Four  injections  of  the  metallic  cream  are  then  given  at  fortnightly 
intervals.  Then  a  rest  for  four  months.  Then  four  injections  as  before, 
and  a  rest  for  six  months.  Then  a  repetition  of  four  fortnightly  doses 
— an  interval  of  one  month,  and  a  final  series  of  four  metallic  cream 
doses. 

English  syphilographers  have  found  these  creams  admirable  in  army 
and  navy  work.  They  are  adapted  for  early  stages  better  than  for 
nervous  syphilis,  but  are  worthv  of  more  extended  trial  in  nerve  svphilis. 

The  use  of  the  insoluble  salts  has  the  advantage  of  a  much  more 
prolonged  action  of  the  mercury.  They  also  have  the  disadvantage — 
all  mercurial  salts  share  in  this,  however — of  irritation  of  the  kidneys. 
If  albumin  is  found  before  the  use  of  mercury  one  should  look  for  a 
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syphilitic  alhuminiiria.  Tuberculosis,  diabetes,  alcoholism,  marked 
cachexia  are  additional  factors  to  be  carefully  dealt  with.  (Gastro- 
intestinal disturbances  are  frequent,  but  it  is  doubtful  whether 
mercury  can  cause  a  neuritis. 

Thorough  cleansing  of  the  mouth  and  the  use  of  a  chlorate  of  potash 
mouth  wash  are  imperative. 

The  soluble  salts  in  use  are  very  numerous.  They  include  the 
sozoiodolate,  bichloride,  lactate,  succinamide,  biniodine,  benzoate, 
and  cyanide.  Fournier  lists  about  30.  They  may  be  injected  within 
the  muscles  or  into  the  skin  superficially.  All  are  somewhat  painful, 
and  accidents  are  possible.  In  general  the  dosage  is  from  f  to  f  of  a 
grain.    The  injections  are  given  twice  or  three  times  a  week. 

General  Scheme  of  Injection.  The  following  general  scheme  is 
suggested : 

1.  The  site  usually  chosen  is  the  posterior  third  of  the  buttock,  to 
avoid  the  sciatic  nerve  and  vessels. 

2.  The  injection  should  be  made  deeply  into  the  muscle,  using  each 
buttock  alternately. 

3.  The  syringe  and  piston  should  be  preferably  of  glass,  easily  ster- 
ilized, and  the  needle  of  platinum  iridium,  about  1|  inches  in  length, 
and  sterilized. 

4.  The  skin  should  be  washed  with  ether  soap,  washed  with  freshl}^ 
boiled  water,  and  swabbed  over  with  an  antiseptic  solution. 

5.  After  insertion  of  the  needle,  the  piston  should  be  slightly  with- 
drawn, and  if  an}^  blood  appears  the  needle  should  be  reinserted  in 
order  to  avoid  injection  into  a  bloodvessel. 

Solutions. — The  injection  of  the  solution  free  from  air  bubbles  can 
then  take  place. 

Various  solutions  are  in  use.    Only  a  few  can  be  mentioned  here 

— Hydrargyri  sozoidolate  gm.  0f2  gr.  iij 

Sodii  iodidi  gm.  0  3  gr-  v 

Aq.  dest  gm.  10,0  3  iiss 

Dose — 10  to  20  minims  constitute  the  dosage. 

— Hydrargyri  lactatis  gm.     0(2  gr.  iij 

Aq.  dest  c.c.    18!0  5  iv 

Dose — 10  to  25  minims. 

— Hydrargyri  succinamidi  gm.     0  2  gr.  iij 

Aq.  dest  c.c.    lOlo  5  iiss 

Dose — 10  to  25  minims. 


— Hydrarg.  chloridi  corrosivum  ....  gm.  0 

Sodii  chloridi   gm.  3 

Aq.  dest   gm.  100 

Dose — 1  to  2  c.c.  daily  or  alternate  days. 


5  gr.  viij 

0  gr.  xlv 

0  5  iij 


The  use  of  corrosive  sublimate — following  Lewin — is  usually  very 
painful. 


— Hydrargyri  cyanidi   gm.  1 

Cocaine  hydrochloridi   gm.  0 

Aq.  dest  ad  gm.  100 

Dose — 1  to  2  c.c. 


0  gr.  XV 

3  gr.  V 

0  5  iij 
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A  useful  variant  of  this  combines  the  cyanide  with  arsenic  and 
strychnine,  as  follows: 

3 — Hydrargyri  cyanidi, 

Strych.  arsenatis  aa    Rm.    016  gr.  ix 

Cocaine  muriat  gm.    0  3  gr.  v 

Aq.  dest  gm.  6010  5  ij 

Dose — 5  to  10  minims  every  other  day  for  20  to  25  doses. 

Cocaine  may  be  added  to  any  of  the  soluble  salts.  Its  addition 
lessens  the  pain. 

Fournier  has  always  advocated  the  use  of  the  biniodide  dissolved 
either  in  sterilized  oil  or  in  water.  It  is,  he  claims,  painless,  sure,  and 
free  from  dangers.  In  2457  injections  only  9  produced  pain.  Such 
results,  however,  obtain  only  when  the  physician  is  very  careful. 
Careless  use  with  the  biniodides  will  produce  all  of  the  accidents, 
pain,  abscess  etc. 

— Hydrargyri  biniodide  gm.     0  4  gr.  vj 

Olive  oil — sterilized  gm.    10  0  3  iiss 

Dose — One  Pravaz  syringeful  every  other  day. 

— Hydrargyri  biniodide  gm.     012  gr.  iij 

Sodii  iodide  gm.     0  2  gr.  lij 

Aq.  dest  gm.    10,0  3  iiss 

Dose — 1  or  2  c.c.  daily  or  on  alternate  days,  with  gradual  elevation  of  the  dose  if 
stomatitis  or  gastro-intestinal  signs  are  not  in  evidence.  Twenty  to  twenty-five 
injections  constitute  a  course  of  treatment. 

— Hydrargyri  benzoatis  gm.     10  gr.  xv 

Sod.  chloridi  gm.     2.5  gr.  xlv 

Aq.  dest  gm.  120l0  §  iv 

Dose — 1  to  2  c.c.  daily  or  on  alternate  days. 


Combined  arsenical  and  mercurial  injections  were  very  much  in 
vogue  before  the  introduction  of  the  salvarsan  preparations.  One  of 
the  most  popular  of  these  has  been  the  arsenical  salicylate  or  enesol. 
This  remedy  has  been  used  widely  in  nervous  syphilis  and  often  with 
surprisingly  good  results.  Schaffer  speaks  ver}''  highly  of  it.  Its  action 
in  tabes  and  paresis  is  discussed  in  the  paragraphs  relating  to  these 
syndromes. 

The  combined  use  of  the  cacodylates  and  of  mercury  has  been  ob- 
served to  give  good  results.  The  early  reports  of  optic  nerve  disease 
apparently  following  the  use  of  the  cacodylates  served  to  force  these 
salts  into  the  background.  Inasmuch  as  such  optic  nerve  changes 
apparently  occurred  in  other  than  syphilitic  patients,  it  would  not 
appear  that  they  are  to  be  interpreted  as  instances  of  those  neuro- 
recidives  which  have  been  so  actively  discussed  since  salvarsan  has 
been  introduced. 

Salvarsan  and  Neo-salvarsan. — The  history  of  the  introduction  of 
this  rernedy  into  therapy,  the  outlines  of  its  composition,  and  modes 
of  administration,  etc.,  are  discussed  in  a  separate  chapter  by  Dr. 
Nichols. 
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It  remains  for  us  here  to  discuss  its  action  on  the  types  of  nervous 
syphihs  already  outlined.  Its  use  in  tabes,  paresis,  hereditary  syphilis, 
is  taken  up  under  their  respective  paragraphs. 

Any  attempt  at  an  exhaustive  summary  of  the  various  reports  upon 
this  remedy  in  the  treatment  of  nervous  syphilis  would  require  a  special 
volume.  A  simple  enumeration  of  the  bibliography  alone — best  ob- 
tained in  brief  in  Lewandowsk}''s  Ilandbuch  der  Neurologie;  articles 
by  Forster  and  Schaffer  and  others  in  Nonne's  discussion  referred  to 
later  would  require  dozens  of  pages.  Only  the  present  (1913)  drift 
of  opinion  will  here  be  expressed. 

In  those  forms  of  nervous  syphilis  here  under  discussion,  namely, 
the  exudative,  inflammatory,  hyperplastic,  gummatous,  and  arterial 
forms,  salvarsan  is  by  far  the  most  efficient  remedy  that  we  possess  at 
the  present  time.  One  form  needs  to  be  excepted,  that  of  the  large 
gummata,  for  which  surgery  alone  is  adequate. 

It  would  also  appear  that  much  larger  doses  of  salvarsan  are  required 
for  nervous  syphilis  than  were  used  in  the  earlier  stages  of  its  adminis- 
tration. Since  the  use  of  adequate  dosage  the  so-called  neurorecidives 
have  almost  entirely  disappeared.    Of  this,  later. 

Finally,  it  is  the  present  trend  of  opinion  that  mercury  and  salvarsan 
combined  gives  the  best  results.  Whether  or  not  arsenic  and  mercury, 
both  active  spirochetal  drugs,  supplement  each  other  in  this  combined 
use  is  not  certain,  but  the  results  obtained  have  in  many  instances  been 
very  satisfactory. 

At  the  same  time  it  needs  to  be  observed  that  a  number  of  patients 
have  relapsed,  and  the  final  results  of  therapy  in  nervous  syphilis  have 
been  far  from  being  as  hopeful  as  had  appeared.  Because  this  has  been 
so  is  no  reason  why  it  should  remain  so.  The  most  obvious  reason 
that  stands  out  in  many  of  the  recent  discussions  that  have  taken 
place  relative  to  this  point  is  that  the  patients  have  been  insufficiently 
treated.  Finall}^  salvarsan  has  not  been  long  enough  in  use  to  warrant 
anything  but  as  yet  tentative  conclusions. 

With  this  short  summary  of  conclusions,  a  few  words  may  be  said 
as  to  its  application  and  dosage.  Whether  neosalvarsan  is  to  replace 
salvarsan  or  not  cannot  yet  be  determined.  The  intravenous  applica- 
tion of  salvarsan  is  the  best  method  of  giving  it.  It  should  not  be 
given  unless  the  patient  is  under  some  sort  of  supervision — in  a  hospital 
or  remaining  in  bed — and  minute  attention  to  the  technique  is  absolutely 
necessary  to  avoid  certain  dangers.  It  is  highly  important  that  fresh 
distilled  water  be  employed  if  salvarsan  is  to  be  used  intravenously. 

Disadvantages  and  Advantages. — The  present  situation  shows 
certain  disadvantages  which  need  to  be  discussed. 

1.  The  Cost. — This  is  an  economic  question  and  raises  the  point  as 
to  the  relative  advantages  of  specific  therapy  by  salvarsan  and  by 
mercury.  Salvarsan  is  a  stronger  spirochetal  poison  than  mercurv 
thi  s  seems  established.  Whether  it  will  act  upon  latent  spirochetal 
fleposits  in  out-of-the-way  tissues  better  than  mercury  has  not  yet 
been  proved — in  fact  the  crucial  experiment  to  prove  such  a  thing  has 
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not  yet  been  possible.  Attempts  at  getting?  at  some  light  on  this  situa- 
tion are  being  made  with  congenital  syphilis,  in  conjugal  syphilis,  and 
under  conditions  where  certain  experimental  values  seem  to  be  fairly 
constant.    As  yet  such  light  has  not  broken. 

The  advantages  seem  to  lie  with  salvarsan  if  rapidity  of  action  is 
imperative — yet  after  all  this  is  only  a  matter  of  a  few  days — still 
twenty-four  hours  under  certain  circumstances  may  be  vastly  important. 

Again,  one  is  justified  in  using  it  or  recommending  its  use  in  those 
aflections  for  which  mercury  has  seemed  to  fail.  These  are  discussed 
later  under  the  head  of  tabes,  paresis,  etc. 

Finally  the  use  of  salvarsan  is  sanctioned  from  the  purely  hypothetical 
side  if  economics  do  not  enter  into  the  question.  Its  use  has  already 
raised  and  helped  to  answer  a  flood  of  questions  relative  to  the  develop- 
ment and  growth  of  the  treponema,  its  toxins,  the  reaction  of  the  cerebro- 
spinal fluid,  the  activation  of  latent  or  dormant  spirochetal  deposits, 
the  bearing  of  the  Wassermann  reaction  on  lipoid  substances  and  arsen- 
ical stimulus  to  the  same— all  of  which  are  of  very  vital  impor- 
tance. 

2.  Herxheimer  Reaction. — A  second  disadvantage  is  the  Herxheimer 
reaction,  and  the  question  of  relapse  or  neurorecidive.  A  whole  set 
of  problems  was  raised  by  an  apparently  new  t}ipe  of  reaction  which 
came  into  prominence  soon  after  the  use  of  salvarsan.  The  knowledge 
of  these  led  Ehrlich,  among  the  first,  to  feel  that  perhaps  the  use  of 
salvarsan  in  nervous  syphilis  was  not  only  not  to  be  regarded  as  having 
any  promise,  but  on  the  contrary  might  be  dangerous.  Fortunately, 
this  feeling  has  been  shown  to  have  been  overcautious. 

Salvarsan  is  not  dangerous  to  patients  with  nervous  syphilis,  but  yet 
certain  peculiarities  develop  which  are  worth  while  noting.  Certain 
patients  with  cerebral  syphilis  reacted  with  sudden  accession  of  mental 
and  nervous  signs.  Headaches  increased,  excitement  became  pro- 
nounced— in  some  convulsions  appeared,  coma  rapidly  became  grave, 
encephalopathies  and  cranial  nerve  palsies  were  apparently  called  into 
existence,  or  were  made  worse.  A  few  paretics  died  suddenly.  Tabetic 
pains  were  made  worse,  and  gastric  crises  became  more  insistent.  I 
omit  the  many  signs  in  other  organs,  herpes,  diarrhea,  albuminuria,  etc. 

Previously  these  signs  were  all  attributed  to  toxic  action  on  nerve 
tissue— neurotropic.  But  with  increasing  experience  it  would  appear 
that  this  is  not  the  case — at  least  only  under  circumstances  to  be  ex- 
amined. While  science  is  not  in  a  position  to  definitely  explain  what 
happens,  it  is  probable  that  the  so-called  Herxheimer  reaction  is  one 
primarily  due  to  syphilis  itself.  It  is  complex,  and  seems  to  show 
(a)  death  of  the  spirochetes  with  increase  of  toxin  formation  (seen 
•possibly  by  the  sudden  reappearance  of  the  Wassermann  reaction), 
(&)  an  increase  in  the  inflammatory  protective  reactivity  (seen  in 
increased  lymphocytosis),  (c)  swelling  of  the  areas  involved  by  tissue 
edemas,  bloodvessel  changes,  etc.,  anrl  (r/)  possibly  other  factors  as  yet 
not  grasped,  among  which  perhaps  direct  toxic  action  is  to  be  reckoned 
with. 
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This  reaction  is  of  short  dunitioii,  as  a  rule,  and  appears  in  those 
patients  who  have  had  either  moderate,  single  doses,  or  small,  repeated, 
but  insufficient  doses;  but  above  all,  according  to  Ehrlich,  in  those 
patients  treated  under  conditions  of  faulty  technique. 

Benario  has  studied  these  neurorecidives  with  great  thoroughness, 
and  although  his  position  is  possibly  one-sided,  yet  it  is  worth  con- 
sidering here.  Up  to  1912  he  had  collected  some  210  cases  of  cranial 
nerve  neurorecidive.  Sixty-five  per  cent,  of  these  occurred  in  men, 
35  per  cent,  in  women — a  proportion  somewhat  similar  to  that  reported 
by  Nonne  among  185  cases.  Six  per  cent,  occurred  in  the  primary 
stage  of  syphilis,  18  per  cent,  in  the  combined  primary  and  secondary, 
and  75  per  cent,  in  the  secondary  stages  of  the  disease. 

Of  190  cases  the  nerves  were  affected  as  shown  in  the  table.  At  the 
same  time,  Benario  reports  122  cases  of  neurorecidive  under  mercurial 
treatment. 

Under  salvarsan.      Under  mercury. 


Nerves  involved.  Per  cent.  Per  cent. 

Optic   29.1  25.1 

Oculomotor  8.6  11.5 

Trochlearis  2.3  — 

Trigeminus  2.7  0.7 

Abducens  5.9  2.3 

Facial   15.3  23.0 

Acoustic   35.0  35.8 


A  combined  statistic  shows  the  figures  to  be  almost  the  same,  tending 
to  prove  that  the  action  is  not  neurotropic  but  syphilitic. 

Later  studies  tend  to  show  that  these  neurorecidives  disappear  en- 
tire!}' with  a  more  intensive  salvarsan  therapy.  The  practical  conclusion 
is  that  it  is  not  proved — save  for  a  few  cases  of  neuritis — that  salvarsan 
has  done  harm,  and  it  has  been  shown  that  it  has  a  very  positive 
spirocheticidal  action. 

To  kill  spirochetes  in  the  nervous  system,  however,  is  one  thing, 
and  to  overcome  the  results  of  tissue  changes  is  quite  a  different  one, 
and  this  above  all  is  the  stumbling  block  in  the  treatment  of  nervous 
tissue  syphilis.  Nevertheless,  if  nerve  tissues  have  not  been  extensively 
destroyed,  one  can  hope  for  excellent  results  by  a  proper  combination 
of  salvarsan  therapy  with  mercury. 

Salvarsan  must  be  used  in  much  larger  quantities,  however,  than 
was  at  first  thought.  In  the  section  on  tabes  (p.  369)  the  outlines  of 
an  energetic  combined  therapy  is  given,  and  reference  may  be  made 
to  those  pages  for  the  general  indications  of  such  a  course  of  treatment. 
Modifications  to  a  less  active  mercurial  salt  than  calomel  may  have  to 
be  made.    Every  patient  needs  individual  treatment. 

Notwithstanding  the  very  evident  fact  that  salvarsan  and  neo- 
salvarsan  are  active  spirocheticidal  drugs,  it  is  still  an  important 
problem  how  to  reach  the  nervous  system  with  them.  Careful  chemical 
investigation  of  the  cerebrospinal  fiuifl  has  heretofore  failed  to  obtain 
any  trace  of  arsenic  when  salvarsan  has  been  given  in  the  usual  manner. 
One  may  infer  that  the  arsenic  has  become  fixed  in  some  chemical  combi- 
voL.  11—22 
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iication  which  fails  to  react  to  tlie  usual  chemical  tests.  It  is  not  yet 
comprehensible  why  nervous  syphilis  is  so  resistant  to  treatment  and 
why  the  hopes  aroused  by  the  striking  results  of  salvarsan  therapy  in 
general  syphilis  seem  not  to  have  been  borne  oni  in  nervous  syphilis. 

Intraspinal  Therapy. — New  methods  have  been  ingeniously  devised  by 
Homer  Swift  and  Arthur  Ellis,  working  in  the  Rockefeller  Institute 
Hospital.  We  shall  have  occasion  to  outline  their  technique  in  other 
details  in  the  discussion  in  the  sections  on  Tabes  and  Paresis,  but  an 
outline  of  the  principle  is  given  here  with  certain  of  the  results  obtained 
in  cerebral  syphilis  by  their  method  of  application. 

They  have  attempted  to  place  a  spirocheticidal  solution  directly 
into  the  cerebrospinal  fluid.  Salvarsan  and  neosalvarsan  were  em- 
ployed by  direct  injection  into  the  spinal  canal  through  the  Quincke 
lumbar  puncture.  This  method  they  found  was  to  be  condemned. 
It  failed  to  give  any  beneficial  results,  and,  moreover,  caused  marked 
pains.  It  is  probably  a  dangerous  procedure,  as  animal  experimentation 
has  shown. 

An  attempt  was  then  made  to  introduce  into  the  patient's  cerebro- 
spinal fluid  some  of  his  own  blood  serum  wdiich  had  previously  been 
mixed  with  the  salvarsan  by  intravenous  infusion.  This  infusion  was 
carried  out  in  the  usual  manner.  After  a  certain  length  of  time — one 
hour  was  found  to  give  the  most  active  serum — blood  was  withdrawn, 
separated  from  its  corpuscles,  after  twenty-four  hours,  diluted  to 
40  per  cent,  with  normal  saline,  and  then  heated  to  56°  C.  for  thirty 
minutes,  A  lumbar  puncture  is  then  made,  and  from  5  to  15  c.c.  of 
cerebrospinal  fluid  is  withdrawn,  i.  e.,  until  the  pressure  falls  to  30  mm. 
of  spinal  fluid.  30  c.c.  of  the  warmed  serum  are  then  slowly  injected 
into  the  subarachnoid  spaces.  The  patient  must  lie  quiet,  the  foot 
of  the  bed  usually  being  raised.  After  ten  days  to  two  weeks  the 
injections,  which  are  usually  well  borne,  are  to  be  repeated. 

They  thus  obtained  very  striking  results  in  the  action  upon  the 
serobiological  factors  known  to  accompany  cerebral  syphilis.  Then 
a  more  crucial  experiment  was  planned.  This  consists  in  the  intro- 
duction into  the  subarachnoid  spaces  of  serum  taken  from  another 
individual,  usually  a  secondary  syphilitic  under  treatment.  The  tech- 
nique being  that  just  outlined.  In  the  charts  here  reproduced,  and  in 
the  section  on  Tabes,  those  patients  treated  solely  by  spinous  injections 
received  their  salvarsan  solely  from  the  serum  of  other  patients.  They 
received  none  directly.  Hence  the  striking  character  of  the  results,  for  it 
is  at  once  evident  that  the  amount  of  spirocheticidal  substance  in  a  few 
cubic  centimeters  of  serum  taken  from  the  body  of  another  patient 
who  had  receiVed  the  usual  intravenous  salvarsan  therapy  must  be 
very  small  indeed,  i.  e.,  reckoned  as  arsenic.  If  other  factors  than  the 
salvarsan  itself  enter  into  the  situation  these  arc  as  yet  unknown. 
One  significant  fact,  however,  would  tend  to  indicate  that  other  forces 
are  operative.  Extensive  experiments  carried  on  by  Swift  and  Ellis 
with  the  heated  and  unheated  serums  show  that  the  heated  sera  are 
three  times  as  spirocheticidal  to  Spirochteta  duttonii  in  mice. 
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This  would  raise  the  question  whether  or  no  the  heatinj^  alone  caused 
alterations  in  the  salvarsan  serum  which  was  advantageous  in  the 
therapy. 

The  most  striking  suggestive  result  is  an  almost  immediate  diminu- 
tion in  the  number  of  pathological  cells  in  the  cerebrospinal  fluid.  The 
globulin  reaction  diminishes,  positive  Wassermanns  of  the  cerebro- 
spinal fluid  with  small  quantities  of  fluid  require  larger  quantities  to 
show  positive  or  become  negative,  and  the  amelioration  of  the  symptoms 
has  been  rapid. 

Through  the  courtesy  of  Drs.  Swift  and  Ellis,  1  here  reproduce  a 
chart  of  a  patient  with  cerebral  syphilis,  which  shows  these  features. 
Others  will  be  found  in  the  sections  on  Paresis,  Tabes,  ^Meningomyelitis, 
and  Radiculitis. 

The  Table  on  page  339  is  to  be  interpreted  as  a  result  of  combined 
intravenous  and  intraspinal  medication.  The  cell  count,  Noguchi  and 
fluid  Wassermann,  show  marked  changes  indicating  a  diminution  in 
the  syphilitic  reaction. 

Mercury  by  the  Mouth.^ — ^Mercury  by  the  mouth  will  always  remain 
one  of  the  simplest,  and  yet,  at  the  same  time,  least  efficient  methods 
of  treating  syphilis  of  the  nervous  system.  Here  again  one  has  a  rich 
choice  of  remedies.  Those  most  in  use  are  the  protiodide,  grain  i  to  -g- 
sublimate  grain       calomel  2  to  5  grains.   Various  vehicles  are  used. 

The  disadvantages  of  treatment  by  means  of  the  intestinal  canal 
are  many — chief  of  which  is  the  slow  and  weak  action  of  the  remedies 
employed.   Moreover,  the  gastro-intestinal  tract  suffers. 

The  chief  advantage  is  that  mercury  may  be  combined  with  the 
iodides.  Furthermore,  conveniences  of  medication  must  often  con- 
strain one  to  use  this  mode  of  giving  antisyphilitic  remedies. 

In  nervous  syphilis  it  w^ould  appear  that  mercurj'-  medication  by 
mouth  is  not  radical  enough.  One  may  use  it  after  an  energetic  cure, 
by  the  methods  outlined,  has  been  emploj'ed,  but  oral  administration 
is  rarely  a  method  of  certain  value,  and  hence  is  not  ad^•isable,  save 
under  particular  circumstances. 

Among  the  newer  mercury  preparations  which  future  experience 
may  prove  to  be  of  value  are:  Mercury  dicarboxylate,  two  of  which 
are  on  the  market,  with  pronounced  toxic  action  on  spirochetes  in 
rabbits.  It  is  claimed  to  be  twenty  times  as  toxic  to  spirochetes  as 
corrosive  sublimate,  and  yet  shows  no  action  on  the  body.  Its  dosage 
has  not  yet  been  worked  out. 

Mercury  glidine  (luesan)  is  a  combination  of  mercury  with  lecithin 
and  albumin.  It  is  given  in  tablets  of  0.005  to  0.01  gram  (yj  to  ^  grain), 
3  to  6  a  day. 

Mercury  guaiacol  sulphonate  is  used  for  intramuscular  injection  in 
doses  of  0.02  gram  grain)  in  sterile  water  on  alternate  days  for  10 
to  20  injections. 

Mergal  is  used  by  mouth  in  capsules,  and  has  been  found  to  afl'cct 
both  primary  and  secondary  syphilis.  Its  action  on  nervous  syphilis 
has  not  yet  been  widely  reported  on. 
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IMerjodiii  is  given  in  tablet  form  in  increasing  doses  until  9  to  12 
tablets  a  day  are  being  taken.  'Diarrheas  are  not  infrequent  side 
effects. 

Iodides. — Sodium  and  potassium  iodide  have  been  used  in  the 
treatment  of  syphilis  of  the  nervous  system  for  years,  and  often  with 
good  results.  According  to  Neisser  the  iodides  are  weak  spirochetal 
poisons.  Our  belief  in  its  resorptive  powers  is  justified  on  empirical 
if  not  on  pharmacological  grounds.  Personal  experience  does  not 
confirm  the  belief  in  the  efficiency  of  especially  large  doses,  although 
that  is  the  American  preference. 

The  use  of  the  iodides  in  doses  of  from  10  to  30  grains  t.  i.  d.  combined 
with  mercury  is  particularly  valuable  in  the  gummatous  type  of  cerebral 
s^-philis.  It  is  folly,  however,  to  try  to  do  away  with  large  gummata 
by  means  of  massive  doses  of  iodides. 

The  dosage  of  the  iodides  will  depend  upon  the  individual.  There 
are  many  idiosyncrasies  to  be  borne  in  mind.  At  times  small  doses 
cause  marked  disturbances  and  cannot  be  borne.  Here  one  may  employ 
other  combinations  than  those  of  sodium  or  potassium.  Hence,  stron- 
tium, rubidium,  and  organic  iodine  preparations  have  come  into  use. 
lodopin,  sayodin,  iodoglidin,  iodoval,  iodocitin,  iodostarin  are  among 
the  newer  of  these  combinations. 

lodopin  may  be  injected  as  well  as  administered  by  the  mouth. 
In  the  former  case  it  is  used  in  quantities  of  10  c.c.  on  alternate  days, 
or  smaller  doses  1  to  3  c.c.  at  more  frequent  intervals.  In  giving  it 
by  hypodermic,  both  the  syringe  and  the  remedy  should  be  slightly 
warmed,  the  needle  should  have  an  ample  bore,  and  the  drug  be  intro- 
duced slowly.  It  is  also  given  by  the  mouth  in  5j  doses.  In  the 
form  of  iodopin,  large  quantities  of  iodine  may  be  introduced  without 
toxic  effect.  Its  action  on  nervous  syphilis  has  not  been  extensively 
studied.  Good  results  are  reported  by  its  use  in  syphilitic  labjTinthitis. 

Iodoval,  and  iodocitin,  the  latter  a  lecithin  albumin  compound,  have 
been  found  to  be  borne  well  in  the  course  of  salvarsan-mercurial  treat- 
ment. The  former  is  given  in  doses  of  about  5  grains  t.  i.  d.  throughout 
an  energetic  salvarsan-mercury  cure  —  the  latter  in  about  the  same 
doses. 

Iodostarin  is  given  in  tablets  of  4  to  8  grains  t.  i.  d.  It  is  a  compound 
of  taurinic  acid,  insoluble  in  water.  The  iodine  ion  is  split  off  sup- 
posedly in  the  small  intestine,  and  iodine  is  slowly  eliminated,  seeming 
to  show  a  more  prolonged  action  in  the  bod}'  than  other  iodine 
compounds.  It  has  been  found  of  value  in  headaches  of  nervous 
syphilis,  but  its  use  is  still  uncontrolled  by  much  experience  in 
nervous  syphilis. 

The  whole  modus  operandi  of  iodine  medication  in  syphilis  is  in  need 
of  more  understanding.  Empirically  it  is  known  to  have  value — but 
why  is  not  yet  thoroughly  grasped. 

Surgical  Treatment. — One  here  considers  brain  puncture,  callosal 
puncture,  trephining  and  cranial  explorations  for  gummata  or  gumma- 
tous meningitis. 
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Certain  patients  with  evident  signs  of  internal  or  external  hydro- 
cephalus due  to  syphiHs  and  whose  s3^mptoms  do  not  seem  to  be 
influenced  by  antisyphilitic  treatment  may  be  benefited  by  lumbar 
puncture  or  by  trepliining,  or  b}^  a  puncture  ot  the  ventricles  or  even 
a  puncture  of  the  corpus  callosum.  Here  headaches,  spasticity,  and 
signs  of  choked  disk  are  the  indications  following  an  energetic  drug 
therapy  with  negative  or  minimal  results. 

Large  gummata  may  be  handled,  like  other  forms  of  brain  tumor, 
by  operation.  Horsley,  Starr,  and  others  have  reported  some  excellent 
results.  Surgery  not  only  removes  an  ofi'ending  mass  which  is  rarely 
broken  down  by  antisyphilitic  remedies,  but  also  avoids  the  sclerotic 
scars  of  those  that  might  be  reduced  by  such  therapy. 

With  the  steadily  improving  technique  of  cranial  surgery,  there 
seems  little  to  contraindicate  handling  a  cerebral  gumma,  that  can  be 
fairly  accurately  localized,  on  purely  surgical  grounds. 

If  six  to  eight  weeks  of  energetic  specific  treatment  fails  to  diminish 
the  symptoms;  if  a  persistent,  if  stationary,  syndrome  exists;  if  a  Jack- 
sonian  epilepsy  persists,  even  after  the  regression  of  general  tumor  signs, 
then  operation  is  to  be  recommended. 

General  Management  of  Nervous  Syphilis.^ — This  will  be  found  in  the 
section  on  the  treatment  of  the  spinal  form  of  nervous  syphilis,  as 
many  bedridden  cases  belong  to  that  group.    (See  p.  408.) 

5.  GENERAL  PARESIS:  ADULT  AND  JUVENILE 

It  is  usual  to  separate  paresis  as  well  as  tabes  from  other  syphilitic 
disorders  of  the  nervous  system,  under  the  general  caption  of  para- 
or  metasyphilitic  disorders.  Fournier  is  largely  responsible  for  this, 
and  to  paresis  and  tabes  he  has  added  a  number  of  other  disorders, 
in  other  parts  of  the  body,  to  which  he  applies  the  term  para-  or  meta- 
syphilitic. 

Just  what  para-  or  metasyphilis  is  is  not  known,  especially  so  far  as 
the  nervous  system — to  which  this  chapter  is  limited — is  concerned. 

Many  ingenious  hypotheses  have  been  formulated  with  the  purpose 
of  explaining  the  difl^erences  between  paresis  and  tabes,  on  the  one  hand, 
and  other  forms  of  nervous  syphilis,  secondary  or  tertiary,  on  the  other. 
It  would  serve  little  purpose  to  enumerate  them  in  detail,  since  none 
has  as  yet  compelled  conviction. 

To  return  to  the  syphilitic  etiology  of  paresis.  It  is  practically 
conceded  "no  syphilis,  no  paresis."  One  is  not  speaking  now  of  those 
few  individuals  who,  either  because  of  the  presence  of  a  brain  tumor, 
or  the  existence  of  arteriosclerosis,  or  of  other  cerebral  disorder,  show 
close  clinical  resemblance  to  paresis. 

It  may  here  be  recalled  that  it  was  in  1857  that  the  causal  relation- 
ship of  paresis  to  syphilis  was  maintained  by  Esmarch  and  Jessen; 
since  which  time  the  battle  of  difl'ering  o])inions  has  been  unremitting. 
The  appeal  to  statistics  left  individual  predilection  to  interpret  them  as 
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one  wished.  Statistics  can  neither  prove  nor  disprove  the  thesis.  The 
work  of  Wasserinann  and  Fhuit  has  raised  the  dictum  ]iere  quoted: 
"no  syphihs,  no  paresis,"  much  nearer  to  a  finaht.y,\vhile  from  the  side 
hght  of  comparati^'e  pathology  the  work  of  Spielme^-er  and  Mott  on 
sleeping  sickness,  on  horse  syphilis,  and  diseases  due  to  agents  closely 
allied  to  the  syphilitic  organism  has  shown  precisely  similar  pictures  to 
those  seen  in  paresis.  The  variants  are  not  worth  further  discussion 
in  view  of  the  availability  of  Mott's  writings  to  English  reading 
students. 

Finally  the  findings  by  Moore  and  Noguchi  of  Treponema  pallidum 
in  12  of  70  paretic  brains  serve  to  render  more  certain  the  relationship 
of  the  organism  to  the  disease.    (Plate  XXII.) 

But  syphilis  does  not  by  any  means  necessarily  lead  to  paresis, 
fortunately-.  The  most  recent  studies  of  Mettler  show  that  about  2  per 
cent,  of  those  infected  by  syphilis  develop  paresis.  A  considerably 
larger  percentage  develop  cerebrospinal  syphilis — ^liow  large  one  can 
only  surmise. 

The  question  then  arises — ^how  is  it  that  in  certain  cases  a  disorder 
arises,  usually  more  than  five  years  after  infection,  which  while  closely 
resembling  many  forms  of  cerebral  syphilis,  yet  differs  from  it  in  certain 
very  noteworthy  particulars,  and  what  underlies  these  differences  ?  In 
other  words — why  para-  or  metasyphilis  ? 

Naturally  there  are  those  who  say  there  is  no  difference,  either  ana- 
tomically, biologically,  or  therapeutically.  Thej^  are  in  the  minority 
with  certain  well-developed  arguments,  some  of  which  are  as  yet  un- 
answerable. The  present-day  attitude  is  to  maintain  a  distinction 
between  the  strictly  cerebral  syphilitic  disorders  and  general  paresis, 
chiefly  because  the  histological  pathology  is  unique,  the  biological 
tests  are  different,  and  the  results  of  therapy  diverse. 

Alzheimer  and  Nissl  have  laid  down  fundamental  distinctions  in 
the  pathological  picture.  The  chief  points  are  quantitative,  and  to  a 
lesser  extent  qualitative.  Their  researches  have  remained  uncontro- 
verted,  although  modified. 

Wassermann  and  Plaut,  by  means  of  the  biological  reactions,  demon- 
strated a  further  variation.  This  feature  has  been  discussed  already 
under  the  caption  of  the  four  reactions.  Recent  studies  with  large 
amounts  of  cerebrospinal  fluid,  as  outlined  by  Hauptmann,  and  actively 
followed  out  now  by  scores  of  workers,  have  seemed  to  show  that  the 
specific  differences  claimed  by  Plaut  are  less  definite  than  he  supposed ; 
but,  as  yet,  no  one  is  in  a  position  to  interpret  the  peculiar  results 
obtained  by  increasing  quantities  of  cerebrospinal  fluid — results  which 
are  somewhat  confusing  and  upsetting. 

Finally  the  therapeutic  test.  This  was  the  stumbling  block  for  the 
earlier  clinicians.  The  general  inefficiency  of  treatment  argued  for  the 
non-syphilitic  nature  of  the  disorder;  but  now  that  the  relationship 
between  Treponema  pallidum  and  paresis  seems  certain,  the  failure 
to  respond  to  treatment  remains  an  enigma,  especially  when  one  bears 
in  mind  the  surprising  remissions  which  take  place  in  this  disease. 
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It  is  not  without  significance  tliat  a  number  of  observers  have  claimed 
that  the  therapeutic  test  even  is  not  decisive.  Leredde  (1903),  in  his 
extremely  suggestive  monograph,  argues  for  the  Piirability  of  paresis 
and  tabes,  especially  if  the  therapy  is  begun  early,  and  carried  on  ener- 
getically. While  this  position  has  not  been  entirely  abandoned,  the 
studies  of  later  years,  which  utilizing  the  four  reactions  make  more 
searching  diagnostic  criteria  necessary,  point  to  the  fact  that  paresis 
is  most  resistant  to  antisyphilitic  therapy.  Whether  such  treatment  is 
able  to  inhibit  the  development  of  paresis  will  be  discussed  later. 

Symptoms. — The  full  symptomatology  of  general  paresis  cannot 
be  taken  up  here.  The  syndrome  is  characterized  by  a  bewildering 
multiplicity  of  forms,  which,  shifting  in  the  individual  patient  from 
month  to  month,  at  times  even  from  day  to  day,  prevent  any  clean- 
cut  description  that  will  embrace  its  many  vagaries.  Attempts  have 
been  made  to  create  empirical  types.  Thus,  Binswanger,  in  a  notable 
study,  created  three  types  based  on  certain  anatomical  peculiarities — 
meningitic-hydrocephalic,  hemorrhagic,  and  taboparetic  forms.  Such 
an  anatomical  subdivision  has  no  reliable  clinical  counterparts. 

Attempts  at  the  erection  of  clinical  types  are  perhaps  slightly  more 
encouraging,  for  there  are  certain  patients  who  will  run  a  course  true 
to  type. 

The  earlier  monographs  of  Simon  and  Kraftt-Ebing,  and  the  later 
ones  of  Joffroy,  Obersteiner,  Klippel,  and  Kraepelin  suggest  the 
following  groups : 

1.  Simple  dementing  types. 

2.  Simple  depressed  t}'pes. 

3.  The  expansive  or  so-called  classical  type. 

4.  The  agitated  types. 

5.  The  irregular  types  with  localized  symptoms,  Lissauer,  tabo- 
paretic form. 

6.  Juvenile  paresis. 

Before  even  attempting  a  description  of  these  purely  artificial 
creations,  pictures  which  are  constantly  shifting  and  showing  con- 
binations  of  xletails,  a  brief  glance  at  the  chief  s^'mptom  components 
is  advisable. 

These  have  frequently  been  divided  into  the  mental  and  physical, 
but  as  this  is  a  purely  arbitrary  distinction  we  do  not  purpose  following 
it.  As  has  been  noted,  a  diagnosis  of  an  impending  paresis  may  be 
made,  at  times  some  years  before  its  onset,  by  the  findings  in  the  cerebro- 
spinal fluid,  but  our  attention  is  here  first  focussed  upon  the  mental 
picture.  A  peculiar  psychical  weakness  is  one  of  the  early  phenomena. 
A  difficulty  in  perceiving  external  impressions  shows  this  intellectual 
loss.  In  the  early  stages  it  may  require  special  study  of  reaction  times, 
which  are  usually  lengthened,  but  soon  absent-mindedness,  inattention, 
loss  of  details,  forgetfulness  of  important  facts,  becomes  apparent. 
There  is  a  gradually  developing  loss  of  ability  for  prolonged  mental 
effort;  in  conversation  finer  shades  of  meaning  are  lost,  the  patient  is 
no  longer  alert  and  keen,  as  perhaps  has  been  his  normal  habit.  The 
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intellectual  deterioration  going  on  leads  to  many  changes  in  his  usual 
conduct,  until  the  patient  may  be  no  longer  quite  sure  of  himself  in 
his  customary  surroundings. 

Certain  patients  develop  a  state  of  dreamy  consciousness,  as  though 
in  a  mildly  intoxicated  state. 

Increased  fatiguability  is  another  early  symptom.  Much  has  been 
written  of  the  preneurasthenic  stages  of  paresis.  This  excessive  fatigue 
may  prevent  him  from  starting  anj'thing  new — sometimes  he  even 
falls  asleep  while  at  work  or  in  conversation. 

Defects  of  Retention  and  Memory. — Retention  and  memory  soon 
commence  to  show  defects.  Careful  studies  in  the  early  stages  have 
shown  difficulties  in  association,  lessened  capacity  for  learning,  dis- 
turbance in  attention,  often  with  good  retention.  The  patients  forget 
recent  happenings  more  readily,  not  knowing  what  has  transpired  a 
week  ago,  yesterday,  sometimes  a  half-hour  ago.  These  grosser  defects 
belong  to  the  later  stages  as  a  rule.  The  memory  of  time  relations  grad- 
ually slips  away,  the  patient  being  unable  to  arrange  successive  phases 
in  an  orderly  series.  Thus,  many  of  these  patients  show  the  greatest 
defects  in  their  appreciation  of  time  differences,  when  married,  age  of 
oldest  child,  and  related  striking  facts  of  life.  In  later  stages  all  sense 
of  time  becomes  effaced. 

Impoverishment  of  Ideas. — A  gradual  impoverishment  of  ideas  takes 
place,  varying  in  degree  from  month  to  month  and  showing  also  great 
variability  with  different  patients.  Those  associations  most  in  use 
usually  persist  the  longest,  and  all  tests  should  take  into  consideration 
special  aptitudes.  In  the  later  stages  the  patients  have  lost  practically 
all  of  their  mental  possessions — the  gap  at  times  being  filled  in  by 
retrospective,  confabulatory  reminiscences.  Certain  of  these  patients 
resemble  patients  with  a  Korsakow  syndrome. 

Loss  of  Judgment. — Loss  of  judgment  naturally  goes  on  pari  passu 
with  the  general  psjxhical  disintegration.  In  the  early  stages  even, 
refined  methods  of  testing,  such  as  those  of  Gregor,  show  that  uncer- 
tainties, contradictions,  logical  lapses  are  not  infrequent.  The  patients 
are  easily  distracted  by  sound  associations  9X9  =  99, '-etc.  As  this 
loss  of  judgment  goes  on  the  patients  may  make  the  most  absurd  plans. 
They  do  the  most  unusual  things,  often  involving  their  entire  fortunes 
and  playing  havoc  with  all  of  their  carefully  raised  social  fabric.  Dream 
world  and  real  world  become  hopelessly  confused  in  this  fundamental 
intellectual  crumbling. 

Hallucinations,  illusions,  and  changes  in  simple  sensory  perception 
are  found,  but  they  are  not,  as  a  rule,  prominent  features  in  paresis. 
Delusion  formation  is  naturally  present  in  many  instances,  although 
certain  patients  may  go  through  the  disorder  with  but  few  delusional 
developments. 

Delusions. — The  delusions  vary  immensely — they  are  usually  sense- 
less and  fantastic  and  when  combined  with  active  imaginative  factors 
as  they  frequently  are,  especially  in  agitated  or  excited  periods,  pass 
all  bounds.    These  patients  think  in  millions,  billions,  quadrillions, 
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etc.  They  are  princes,  kings,  emperors,  potentates,  priests,  Christ, 
God,  Super  Gods.  They  have  rubies,  pearls,  diamonds,  emeralds; 
two  wives,  a  dozen,  a  harem,  thousands  of  beauti^'ul  women,  etc. 

These  delusions,  simple  or  fantastic,  are  also  liable  to  great  lability. 
They  are  always  changing;  contradictory  as  well  as  unconscious.  New 
ones  come,  old  ones  go,  revivals  take  place.  Progressions  may  go 
backward:  now  they  have  millions,  next  moment  have  thousands; 
now  a  king,  in  ten  minutes  a  fine  soldier.  One  can  at  times,  by  talking 
with  these  patients,  expand  or  contract  their  delusional  exuberance 
almost  at  will. 

Alteration  of  Emotional  Activity. — The  disposition  or  emotional  re- 
activity is  involved,  as  is  the  intelligence.  As  a  rule  the  patients  in 
the  early  stages  are  hyperexcitable — others,  however,  are  markedly 
depressed.  They  are  apt  to  be  touchy,  surly,  cross,  even  having 
violent  outbursts  for  the  most  trivial  events.  There  is  often  a  distinct 
damper  in  their  higher  ethical  feeling,  so  that  the  stimulus  of  conversa- 
tion, the  joy  of  music  or  art,  of  various  social  relations  gives  way  to 
a  careless  indifference,  often  at  great  variance  with  the  psychomotor 
activity  of  the  patient. 

As  the  disorder  progresses  the  mood  is  apt  to  be  colored  by  the  de- 
lusional interpretations.  Anger  and  laughter  may  follow  one  another 
in  quick  succession,  and  a  great  variety  of  fleeting,  changeable,  often 
contradictory  emotional  states  are  passed  through. 

Character  Alterations. — The  character  alterations  are  predominant. 
Will  power  is  progressively  lost;  instability  and  foolhardiness  alternating 
with  obstinacy  and  perverseness.  All  initiative  is  reduced,  and  the 
patient  may  become  as  clay  in  the  potter's  hand;  such  periods  alternate 
irregularly  with  impulsive  heedlessness.  Kraepelin  relates  the  case 
of  a  patient  who  stepped  out  of  a  second-story  window  to  pick  up  a 
cigar  that  he  happened  to  notice  on  the  walk  beneath  him.  Criminal 
actions  may  be  committed  in  just  the  same  manner  as  in  the  case  of 
the  paretic  who  shot  at  Mayor  Gaynor,  of  New  York.  Suicide  may 
occasionally  take  place  in  the  same  manner.  Stealing  is  by  no  means 
infrequent,  and  sexual  misdemeanors  and  crimes  are  extremely  preva- 
lent. This  blunting  of  the  repressions  inculcated  by  the  force  of  civili- 
zation is  particularly  noticeable,  and  predominantly  in  the  sexual 
sphere.  Hence  results  the  frequent  telling  of  lewd  stories,  frequenting 
with  people  of  quite  inferior  social  status,  exhibitionism,  shameful  and 
open  masturbation,  and  even  sexual  assaults. 

Neurological  Signs. — Here  one  finds  not  infrequently  in  the  beginning 
phases  a  dull  heavy  headache.  Hyperacusis  often  precedes  the  blunting 
of  the  special  senses,  and  various  localized  disturbances,  such  as  word 
blindness,  word  deafness,  auditory  hallucinations,  apraxia,  aeymbolia, 
astereognosis  indicate  a  special  localization  for  the  time  being  in  more 
or  less  definite  cortical  areas.  Optic  nerve  atrophy  occurs,  at  times 
early,  in  from  5  to  10  per  cent,  of  the  cases.  Special  changes  in  the 
optic  disk  are  recognizable  in  from  12  to  SO  per  cent,  of  the  cases 
(Joffroy,  Raviart). 


PLATE  XXIII 

Fig.  1 


Paresis  with  Korsakow  Syndrome;  Wernicke's 
Polioencephalitis  Superior. 


Fig.  2 


Set  of  Pictures  of  Paretic  Convulsion.  (Kraepelin.) 


Fig.  8 


Paresis  with  Degeneration  of  Pyramidal  Tracts,  with 

Spastic  Signs. 
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Perversion  of  Cutaneous  Sensibility. — Very  frequently  cutaneous  sen- 
sibility is  perverted — ^sharp  pain,  numbness,  itching,  etc.,  occur,  and 
in  those  forms  recognized  as  taboparetic  these  often  show  the  special 
localizations  of  the  tabetic.  Out  of  these  perverted  sensations  delusional 
interpretations  frequently  arise.  A  general  insensibility  to  peripheral 
stimuli  develops  later,  and  the  patient  may  then  pay  little  attention 
to  any  kind  of  irritant,  heat  or  cold,  full  bladder,  distended  rectum, 
etc.  Occasionally  such  patients  mutilate  themselves,  cutting  off  a 
finger,  or  the  tongue,  or  the  testes  in  order  to  get  rid  of  what  seems 
to  them  a  foreign  body. 

Motor  Incoordinations. — Motor  incoordinations,  from  initial  trembling 
to  more  high  grade  ataxias,  apraxias,  adiadochokinesias,  Romberg, 
asynergias,  are  common.  Intention  tremor  is  not  infrequent,  and 
perseveration  is  almost  never  missed  in  the  later  stages. 

Disorders  in  Speech. — In  speech  these  motor  difficulties  have  been 
specially  studied  since  Esquirol  first  laid  stress  upon  such  changes  in 
mental  cases.  Frequently  beginning  with  slight  stumbling,  a  slurring 
over  certain  letters  or  syllables,  r's,  I's,  etc.,  the  paretic  develops  very 
characteristic  speech  anomalies.  These  come  out  with  marked  promi- 
nence in  the  use  of  test  phrases — electricity,  Methodist  Episcopal, 
organization,  truly  rural,  third  cavalry  brigade,  etc.- — when  certain 
letters  are  repeated,  stumbled  over,  or  elided.  Paraphasia,  aphasia, 
ataxia  of  speech,  perseveration  are  among  the  frequent  later  develop- 
ments until  only  a  mumbling  may  be  possible  in  some  of  the  last 
stages.    Similar  changes  take  place  in  writing. 

Eye  Symptoms. — In  the  ocular  movements,  analogous  difficulties  are 
J  .  observed  and  in  the  pupils  one  observes  a  variety  of  changes,  already 
discussed  in  the  paragraph  on  diagnosis.  Statistical  studies  show  these 
pupillary  anomalies  to  be  extremel}^  frequent.  Differences  in  size 
from  50  to  80  per  cent.  (Rache),  distortion  of  the  pupillary  outlines 
(74  per  cent.  Joffroy),  Argyll-Robertson  pupil  50  to  70  per  cent.  (West- 
phal,  Junius,  Arndt,  etc.),  many  of  these  pupillary  anomalies  undergo 
considerable  variation,  changing  from  time  to  time  even  without 
treatment.  Loss  of  consensual  light  reflex,  as  already  noted,  is  often 
one  of  the  earliest,  and  at  the  same  time  one  of  the  most  persistent 
of  these  pupillary  anomalies.  Weiler  has  devoted  special  attention  to 
these  in  an  important  monograph.  Occasionally  there  is  a  reversal 
of  the  ordinary  Argyll-Robertson  phenomenon — a  loss  of  accommoda- 
tion reflex  with  preservation  of  the  light  reflexes. 

Convulsive  Phenomena. — Convulsive  phenomena  are  rarely  missed  in 
paresis.  They  are  usually  of  the  cortical  epileptic  type.  They  often 
occur  early  in  the  disease  or  may  punctuate  any  period  in  its  develop- 
ment. At  times  limited,  they  more  often  are  generalized,  and  frequently 
have  prodromata,  such  as  dreamy  states,  motor  incoordination,  thick- 
ness of  speech,  twitchings,  etc.,  as  a  rule  occurring  early.  As  isolated 
phenomena,  typical  status  attacks  may  be  observed,  with  as  many  as 
100  or  more  epileptiform  crises  in  twenty-four  hours.  An  attack 
in  the  very  early  stages  may  last  only  a  few  seconds;  the  patient 
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suddenly  sinks  back  on  his  chair,  and  be  all  right  in  a  few  moments — 
while,  on  the  other  hand,  status  attacks  ma}^  persist  a  week  or  e\'en 
more.  Unconsciousness  is  usual,  though  it  may  be  very  slight  or 
fugacious.    A  vast  variety  of  focal  residuals  have  been  described. 

Similar  changes  may  be  observed  on  the  sensory  side  of  the  nervous 
sj^stem,  and  so-called  psychic  equivalents,  as  in  the  more  classical 
epilepsies,  are  frequent. 

Statistical  studies  show  the  very  great  frequency  of  these  attacks, 
Obersteiner  recording  them  as  often  as  in  90  per  cent,  of  his  patients; 
while  Junius  and  Arndt  in  their  recent  extensive  study  give  them  as 
occurring  in  53  per  cent.  A  personal  study  of  two  hundred  cases 
showed  them  in  78  per  cent,  of  the  patients.  Kraepelin  believes  that 
treatment  in  bed  limits  the  number  and  frequency  of  the  attacks; 
his  Munich  statistics  show  an  incidence  of  about  (55  per  cent. 

Alteration  in  Reflexes. — The  tendon  reflexes — triceps,  radius,  knee- 
jerks  and  Achilles — are  usually  positively  involved,  either  as  excessive, 
in  the  greater  number  of  cases,  or  as  diminished,  especially  in  those 
patients  with  posterior  cord  involvement,  which  is  frequent.  When  the 
deep  reflexes  are  found  to  be  increased  other  symptoms  of  involvement 
of  the  pyramidal  tracts  are  not  infrequent.  Babinski  reflex,  very  fre- 
quently Chaddock's  external  malleolar  sign,  at  times  the  paradoxical 
reflex  of  Gordon  occurs.  Possibly  there  is  an  ankle  clonus,  and 
spasticity  in  gait  is  present.  If,  on  the  other  hand,  the  deep  reflexes 
are  diminished,  other  signs  of  involvement  of  the  position  sense  and 
deep  sensibility  fibers,  travelling  the  posterior  column  pathways,  are 
usually  found.  Ataxia,  Romberg,  girdle  sensations,  anesthesise,  etc., 
pains  of  the  radicular  type,  are  also  often  encountered  in  these  tabo- 
paretics. 

In  most  of  the  patients  there  is  great  variability  in  the  two  sides. 
Occasionally  one  finds  spasticity  of  one  side  and  hypotonia  and  ataxia 
of  the  other,  and  combined  symptoms  are  to  be  expected  in  the  later 
stages,  especially  in  those  patients  with  prominent  cord  localizations. 

In  the  final  stages  contractures  occur  in  the  bedridden  patients. 
They  are  unable  to  do  anything  and  muscular  twitches,  spasms,  localized 
atrophies,  and  a  veritable  museum  of  anomalies  is  to  be  looked  for. 

Findings  in  Cerebrospinal  Fluid. — The  findings  in  the  cerebrospinal 
fluid  have  already  been  discussed  in  a  preceding  paragraph.  (See 
Figs.  17  and  18,  p.  312.)  Suffice  it  here  to  say  that  they  are  of  para- 
mount importance  and  a  diagnosis  of  paresis  without  the  signs  obtain- 
able in  the  cerebrospinal  fluid  must  always  be  regarded  as  lacking  in 
a  most  important  measure. 

Enough  has  been  said  to  show  that  the  clinical  picture  of  paresis 
may  be  closely  counterfeited  by  a  number  of  other  pathological  states 
— notably  brain  tumor,  cerebrospinal  syphilis,  arteriosclerosis,  chronic 
alcoholism,  sleeping  sickness,  etc. 

The  findings  in  the  fluid  are  usually  definite.  A  positive  four  reac- 
tions, the  fluid  used  in  small  quantities — 0.05  to  0.2  c.c. — is  almost 
certainly  diagnostic  of  paresis,  yet  at  times  it  would  appear  that 
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Fig.  1 


Paresis.     Cortical  Changes.     Epileptiforni  Convulsions. 

(Lafora.) 


Fig.  2 


Contracted  State  Paresis.  (Ki-aepelin.) 
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positive  four  reactions  are  found  in  other  syphilitic  processes  which  do 
not  behave  Hke  paresis.  The  earlier  didactic  attitude  of  Plant  seems 
to  be  in  need  of  some  revision,  but  at  the  present  time  there  is  not 
sufficient  autopsy-controlled  material  to  permit  absolute  dicta. 

Vasomotor  and  Trophic  Disturbances. — Vasomotor  and  trophic  dis- 
turbances may  appear  early  and  come  and  go,  among  them  skin 
eruptions,  such  as  herpes,  and  pemphigus  are  the  commoner  tj^pes 
met  with;  the  ready  appearance  of  bed-sores  and  abscesses  indicate 
the  lowered  resistance  of  the  skin  and  subcutaneous  structures. 

The  bodily  temperature  shows  considerable  variation,  even  on  oppo- 
site sides  of  the  body;  it  is  usually  subnormal,  save  following  a  convul- 
sive seizure.  Sleep  is  irregular,  especially  in  the  excited  stages,  when 
the  paretic  may  not  sleep  for  days — whereas,  in  torpid  stages  or  in 
those  quiet  dementing  forms  the  patient  sleeps  or  is  in  a  doze  most  of 
the  time. 

The  appetite  is  capricious,  and  the  bodily  weight  is  apt  to  fall  off  in 
the  early  stages  and  during  excitement,  to  become  much  increased  in 
the  torpid  quiet  states. 

Disorders  of  the  bladder,  sexual  organs,  and  intestines,  all  sooner 
or  later  come  within  the  outlines  of  the  picture. 

Remissions. — One  clinical  feature  which  is  very  striking  is  the  ten- 
dency of  this  disorder  to  show  marked  remissions.  In  certain  respects 
this  is  a  general  law  in  disease  processes,  but  in  paresis  it  appears  most 
striking  because  of  the  almost  miraculous  change  that  takes  place  in 
the  patient.  Such  patients  one  would  say  were  about  to  die;  they 
become  absolutely  helpless,  convulsion  follows  convulsion;  in  the  interim 
they  know  nothing,  are  bedridden,  soil  themselves,  and  are  reduced 
simply  to  breathing,  heart-beating  automata.  They  may  remain  in 
this  condition  for  weeks  and  months,  and  then  pick  up  a  little,  and  then 
more  and  more  and  within  a  space  of  six  weeks  to  three  months  many 
such  patients  appear  to  be  almost  well  and  like  themselves.  They 
have  risen  from  the  dead,  and  strange  to  say,  although  the  relatives, 
friends,  and  business  associates  have  been  told  over  and  over  again 
perhaps,  for  they  should  be,  that  this  is  not  a  cure,  that  it  is  only  a 
remission  of  symptoms,  the  patient  is  frequently  restored  to  all  his 
civil  rights  and  given  full  control  of  his  affairs.  In  the  majority  of 
cases  this  is  disastrous;  he  may  launch  out  into  new  lines,  involve  his 
fortune,  marry  unwisely,  and  then  after  a  few  months,  perhaps  a  year 
— the  longer  remissions  on  record  have  been  five  or  six  years— the 
average  is  about  six  months — the  symptoms  return,  often  in  rapid 
progression,  and  usually  lead  to  death  after  variable  intervals  of  from 
six  months  to  a  few  years. 

Forms. — To  return  now  to  the  subject  of  the  forms — those  more  or 
less  artificial  groups  which  for  the  purposes  of  description  psychiatrists 
are  agreed  upon. 

1.  Dementing  Form. — That  which  characterizes  this  general  group 
is  the  progressive  mental  deterioration  with  motor  paresis.  Excite- 
ments, convulsions,  extravagant  delusion  formations  are  not  prominent 
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and  when  present  are  transitory.  In  these  individuals  there  is  the  early 
period  of  nervous  irritable  weakness,  with  loss  of  mental  alertness, 
moodiness,  inability  to  work,  forgetfulness,  and  steadily  increasing 
poverty  of  thought.  Naturally,  the  picture  beginning  in  this  way 
may  suddenly  change.  This  is  sufficient  to  throw  the  patient  into 
another  group — but  if  the  development  is  of  the  slow  progressive  nature, 
gradually  advancing  mental  weakness,  fleeting  delusional  ideas,  often 
with  childish,  weak-minded  features,  these  are  the  general  symptoms 
of  the  dementing  type  of  paresis. 

2.  Depressed  Forms. — Here  anxious  depression  Is  in  the  foreground 
of  the  mental  picture.  Hypochondriacal,  delusional  states  are  promi- 
nent. The  patients  continually  complain  about  bodily  discomfort; 
have  lost  their  intestines,  or  have  destroyed  their  manhood  by  mas- 
turbation or  sexual  excesses.  These  delusional  ideas  become  more 
and  more  nonsensical.  In  many  instances  the  hypochondriacal  ideas 
are  dependent  upon  fancied  sinful  actions  or  wrong-doing.  The}^  are 
great  sinners,  they  must  be  protected  from  the  police;  fear  they  will 
be  sent  away.  Such  patients  often  have  persecutory  ideas,  and  when 
such  are  prominent  early  in  the  disease,  before  there  is  marked  deterior- 
ation, they  are  frequently  regarded  as  "paranoiacs"  especially  by  those 
schools  which  regard  names  as  disease  entities  and  seek  for  diagnoses 
from  a  "pathognomonic"  sj^mptom.  These  paretics  with  persecutory 
ideas  often  have  pronounced  hallucinations  of  hearing. 

Notwithstanding  these  hypochondriacal  or  persecutory,  delusional 
interpretations,  these  patients  are  markedly  indifferent:  they  are 
apathetic,  talk,  and  move  in  a  monotonous,  dull  manner,  and  take 
little  interest  in  their  surroundings. 

Thus  the  loss  of  energy,  the  libido  in  Jung's  sense,  not  being  able 
to  go  forward  in  the  affairs  of  life,  a  marked  pathological  introversion 
takes  place,  and  the  regression  takes  hold  of  all  sorts  of  nonsensical, 
childish,  infantile,  and  archaic  phantasies.  Pathological  projection 
also  is  common,  and  one  has  a  regular  chaos  of  pathological  mental 
mechanisms.  The  sense  of  reality  is  so  markedly  impaired,  and  the 
affective  relativity  so  cut  off,  that  the  nonsensical  beliefs  have  no 
corresponding  or  adequate  emotional  relationships.  The  personality 
is  fragmenting  and  disintegrating. 

Childish  regressions  of  hero  formation  appear.  The  patient  is  a  God, 
a  king,  an  emperor;  like  Jack  and  the  beanstalk,  he  is  miles  high;  as 
in  the  Lilhputian,  he  is  a  great  giant;  as  in  Midas'  touch,  or  Aladdin's 
lamp,  he  breaks  the  bank  at  Monte  Carlo,  or  is  the  owner  of  immense 
gold  mines,  fabulously  valuable  jewels,  etc. 

Contrasting  states  of  great  inferiority,  weakness,  poverty,  cause 
them  to  be  very  fearful,  easily  confused,  easily  lost;  they  beg  for  pro- 
tection, hide  from  anger,  or  ask  piteously  for  food,  preserve  scraps,  etc. 

They  become  unmanageable  in  bed,  and  finally  in  many  the  agita- 
tion and  fear  develop  great  resistance  and  violence.  Self-destruction 
may  be  attempted,  mutilation  occasionally  occurs.  Most  of  these 
attempts,  however,  are  fragmentary,  non-sustained  and  bungling. 
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Excited  Paretic.  fKraepelin.) 
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Stuporous  states  show  a  contrast  to  this  marked  violence.  They 
may  persist  for  weeks,  months,  or  even  years.  The  patients  lie  stupidly, 
"depressed,"  or  anxious  in  bed,  uiiclean  and  unmanageable.  Special 
rigidities,  catatonic  like  in  their  nature,  may  develop. 

The  special  statistics  show  that  from  15  per  cent,  to  20  per  cent, 
of  the  material  in  some  of  the  larger  European  hospitals  and  clinics 
may  be  in  general  thrown  into  this  depressed  category. 

3.  Expansive  Types. — This  general  type  has  been  for  years  considered 
"classical,"  yet  they  are  not  as  frequent  as  the  demented  types.  Thus, 
Kraepelin  gives  30  per  cent,  in  his  Heidelberg  series,  Junius  and  Arndt 
27  per  cent,  in  their  Berlin  material.  It  is  to  be  regretted  that  the 
specialist  has  failed  to  emphasize  this  feature,  which  is  of  so  much 
value  to  the  general  practitioner,  and  has  attempted  to  excuse  his 
faults  of  observation  behind  a  pseudoscientific  discussion  regarding 
a  "change  in  type."  Practically  it  is  of  more  value  to  insist  upon  the 
comparative  rarity  of  the  megalomanic  features  of  paresis,  since,  as 
the  average  medical  man  has  been  taught  to  recognize  paresis  by 
this  sign,  it  is  not  to  be  wondered  at  that  so  much  delay  has  occurred 
before  the  recognition  of  paresis.  The  emphasis  should  then  be  laid 
not  upon  striking  symptoms,  but  upon  the  apparently  obscure  ones. 

These  striking  megalomanic  features  are  too  well  known  to  be  dealt 
with  here  at  any  length^ — this  is  not  a  text-book  on  psychiatry.  Here 
the  boastful  ego  rises  to  superior  heights.  Everything  is  seen  from  the 
standpoint  of  an  abundant  energy.  At  first  the  ideas  are  those  of  great 
exaltation,  within  the  bounds  of  normal  human  experience,  but  soon 
the  patient  loses  his  earthly  bonds  and  soars  to  superhuman  unrealities. 
His  strength  is  appalling;  his  education  superior  to  any  others  in  the 
world;  he  speaks  ten,  nay,  all  languages;  has  all  wealth;  all  power; 
figures  mount  from  thousands  to  millions,  to  pages  of  ciphers.  And 
in  kaleidoscopic  changes,  and  great  individual  variation  one  learns 
of  many  marvels  of  superior  excellence  only  dreamed  of  in  childish 
phantasy,  or  seen  in  the  boasts  of  inferior  peoples. 

One  feature  of  this  frightful  megalomania,  which  has  its  very  great 
ups  and  downs,  should  never  be  overlooked ;  namely — the  tendency 
for  such  patients  to  commit  sexual  indiscretions,  even  atrocities;  or 
to  engage  in  the  most  foolhardy  enterprises,  thus  jeopardizing  life 
and  property. 

This  feature  in  paresis  is  of  so  much  importance  that  a  special  par- 
agraph will  be  devoted  to  the  legal  measures  which  should  be  in\'oked 
to  prevent  the  worst  consequences  of  this  mental  weakness. 

That  the  megalomania  has  a  distinct  deterioration  background  is 
seen  in  the  frequent  combination  of  a  poor  clerk,  in  a  state  institution, 
who  speaks  of  the  million  dollar  novel  he  is  writing.  It  consists  of  a  few 
miserable  scrawls  on  toilet  paper,  or  on  the  edges  of  a  daily  newspaper. 
This  is  only  a  type.  Such  inconsistencies  may  be  read  of  in  the  classics 
of  psychiatry,  from  the  work  of  Arnold  to  the  present  time. 

These  fantastic,  exalted,  euphoric  states  very  frequently  elaborate 
on  sexual  themes.     Thus  the  patients  have  hundreds,  millions  of 
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wives  or  concubines — "Solomon  was  a  piker  in  this  matter"  boasted 
a  Bellevue  patient.  The  children  are  more  numerous  and  more 
beautiful  than  any  promised  to  the  ancient  Hebrew  heroes. 

One  patient,  mentioned  b}'  Kraepelin,  could  lift  ten  elephants,  is 
two  hundred  years  old,  9  feet  tall,  is  a  beautiful  Adonis,  weighs  four 
hundred  pounds,  has  an  iron  chest,  an  arm  of  silver,  a  head  of  gold, 
100  wives,  1000  million  boys  and  girls,  his  urine  is  Rhine  wine,  and 
his  feces  are  gold." 

These  illustrations  might  be  repeated  ad  infinitum.  They  are  to  be 
found  in  richer  or  poorer  elaboration,  in  shorter  or  longer  intervals 
of  excitement,  in  this  exalted  euphoric  type,  but  one  may  see  a  hundred 
paretics,  as  a  general  practitioner  may  see  them,  in  the  early  stages, 
and  never  get  a  ghost  of  an  idea  of  such  experiences.  Of  this  100, 
some  time,  sooner  or  later,  25  to  30  of  them  will  be  liable  to  exhibit 
the  exalted,  euphoric,  megalomanic  picture  here  indicated  rather  than 
described. 

Consciousness  is  usually  much  clouded  in  this  type,  especially  while 
the  delusional  projections  are  in  their  full  growth.  Time,  place,  the 
great  world,  is  a  dreamy,  far-off  world  of  little  moment  to  the  mind 
engaged  in  its  ambitious  program  Continuity  of  thought  is  practically 
impossible,  and  chaos  and  anarchy  exist.  In  such  minds,  hallucinations 
are  frequent. 

The  mood  is  happy,  overflowing  with  good  deeds  and  generosity, 
and  all  embracing  in  its  brotherly  love.  But  coherence  is  not  to  be 
expected.  Hypochondriacal  ideas — worms  in  the  head — may  rest 
in  bizarre  connection  with  the  patient  being  a  great  philosopher,  a 
Shakespeare,  etc.,  and  changes  in  mood  are  of  frequent  occurrence. 
Weeping  follows  ecstasy,  and  is  replaced  by  beatific,  sublime  happiness. 

Sudden,  passionate  excitement  leaps  up  under  restraint,  to  subside, 
or  to  be  diverted  by  such  a  trifle  as  a  falling  leaf,  or  a  ring  at  the 
door  bell. 

The  great  psychomotor  excitement  is  a  striking  feature,  and  one 
difficult  to  manage.  These  patients  walk  miles,  are  on  the  go,  meeting 
people,  busily  engaged  in  everybody's  business,  making  plans  for  self 
and  others,  and,  when  confined,  the  limits  of  a  paretic's  violence  knows 
no  bounds.   He  is  transformed  into  a  raving  animal. 

Throughout  all  of  the  excitement,  divertibility,  constant  changing 
of  plans,  mixture  of  silly  pleasure  and  superficial  sadness,  there  is  the 
note  of  great  deterioration  in  the  intellectual  sphere,  which  shows  par- 
ticularly in  the  conventions  relative  to  one's  person.  Carelessness  in 
dress,  uncleanliness,  grossness  in  eating,  loss  of  finer  susceptibilities, 
coarse  expressions,  frank  immoralities — these  are  but  a  few  of  the 
possibilities  in  such  lax  conduct. 

In  watching  such  patients  from  day  to  day,  one  is  struck  by  the 
immense  variability  in  the  picture.  The  ideas  of  grandeur  may  all 
vanish,  the  patient  denies  he  ever  said  any  such  thing,  he  may  get 
angry  in  a  dispute  over  the  matter,  and  then  launch  into  a  magnifi- 
cent, grandiloquent  invective  of  collosal  outlines. 
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Fig.  1 


Paresis  with  Tabetic  Changes  in  Spinal  Cord. 


Fig.  2 


Brain  of  Juvenile  Paretic  Showing  Marked  Atrophy. 
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As  the  dementia  increases,  these  hirge  ideas  may  entirely  disappear, 
or  be  preserved,  and  appear  on  the  surface  only  as  a  few  words,  or 
murmurs,  "good  to  eat,"  "fine  women,"  "millions,"  etc. 

Finally,  in  the  later  stages,  the  patients  all  sink  to  a  more  or  less 
common  level — "sans  everything." 

Among  the  expansive  forms  may  be  found  the  quick,  galloping  patients 
who  die  within  a  short  time.  Increasing  experience  seems  to  show, 
however,  that  these  excited  types  indicate  a  very  severe  reactive 
process,  and  hence,  if  they  do  not  die  in  the  height  of  the  reaction 
(galloping  cases),  they  provide  the  greater  number  of  the  more  stationary 
and  protracted  forms — those  who  make  a  partial  recovery  with  defect, 
and  who  later  disintegrate.  Remissions  seem  to  be  common  in  this 
type  as  well. 

4.  Agitated  Forms. — Those  patients  who  show  a  predominant  motor 
activity  in  the  beginning  may  be  said  to  be  grouped  here.  Great 
restlessness  runs  through  the  entire  picture.  The  mental  content  is 
very  variable — euphoric,  depressed,  hy  pochondriacal,  mood  colorations 
flit  in  and  out.  Galloping  cases  are  usually  grouped  here,  where  an 
extremely  rapid  and  fatal  course  is  present. 

It  is  a  subgroup  of  the  preceding  type,  only  artificially  separated 
off  by  reason  of  the  more  consistently  persistent  psychomotor  restless- 
ness. Remissions  are  frequent,  as  are  also  the  apoplectiform  and  epilep- 
tiform attacks.  The  pathological  process  simply  has  a  wider  extension 
in  the  motor  areas. 

The  acute  delirious  cases,  somewhat  resembling  delirium  tremens  of 
alcoholism,  and  independent  of  it,  are  arranged  by  Kraepelin  in  the 
agitated  group. 

5.  Irregular  Types. — Lissauer,  etc.  Those  patients  showing  irregular 
forms  of  development;  neurosymptomatic  groupings,  hemiplegias,  etc., 
are  here  brought  together.  The  hemiplegic  and  taboparetic  groups  are 
the  more  frequent. 

Taboparesis. — Taboparesis  is  the  more  striking  of  these  irregular 
forms  and  deserves  a  further  outlining. 

It  will  be  shown  later  in  the  section  on  pathology  that  in  paresis 
changes  are  always  to  be  found  in  the  spinal  cord.  These  may  be  general, 
but  for  the  most  part  show  the  classical  alterations  as  seen  in  tabes. 
A  small  number  of  these  patients  first  show  signs  of  tabes;  it  may  be 
at  least  ten  to  twenty  years  before  the  development  of  the  cerebral 
localization  of  the  disease  which  is  symbolized  under  the  term  paresis. 
In  the  majority  of  the  patients  who  show  the  combination,  the  two 
localizations,  or  rather  the  extension  of  the  disorder  to  the  whole 
cerebrospinal  axis,  occurs  more  or  less  simultaneously. 

It  has  been  assumed  by  many,  especially  by  neurologists  (SchaflFer, 
for  summary,  1912)  that  tabes  may  be  regarded  as  a  spinal  paresis  and 
paresis  a  cerebral  tabes;  that  is,  the  disease  varies  only  by  reason  of 
the  greater  severity  of  the  process  in  the  one  or  the  other  localization. 

Kraepelin,  on  the  other  hand,  accentuates  the  opposing  psychiatric 
view,  that  whereas,  the  two  disorders  are  undoubtedly  fundamentally 
VOL.  II — 23 
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syphilitic,  yet  the}''  are  two  different  kinds  of  processes,  and  that  when 
the  symptoms  of  tabes  are  added  to  paresis  the  changes  in  the  cord 
are  not  exactly  similar  to  those  found  in  tabes  limited  to  the  cord.  The 
different  findings  in  the  cerebrospinal  fluid  in  the  two  disorders  would 
point  to  some  sort  of  a  difference  as  well. 

The  matter  still  rests  on  the  knees  of  the  gods. 

Clinically,  taboparesis  shows  in  a  combination  of  the  symptoms 
observed  in  the  two  forms.  Raymond  and  Nageotte  would  have  it 
that  every  paretic  would  show  tabetic  signs  if  he  lived  long  enough. 
In  those  patients  with  pronounced  tabetic  onset  one  finds  the  frequent 
pupillary  anomalies,  the  diminution  or  loss  of  the  patellar  reflexes, 
Romberg  sign,  ataxia  of  lower  or  upi)er  extremities,  or  both,  hypotonia, 
lancinating  pains,  crises,  and  arthropathies.  These  are  found  in  the 
more  definite  taboparetics  closely  associated  with  the  psy  chical  dis- 
turbances already  outlined.  In  the  more  classical  tabetic  patients 
the  mental  disturbances,  to  which  Cassirer  and  O.  INIeyer  have  devoted 
their  attention,  are  very  distinct  from  those  of  paresis. 


Fig.  20 


GP.I. 


Family  tree  showing  influence  of  sj-philis  in  parents  with  abortions,  dead  children,  and  infantile 
paresis.    Infection  took  place  after  birth  of  eighth  healthy  child.  (Mott.) 


Fig.  21 


Both  parents  syphilitic;  two  miscarriage;  child  dead  of  conv\ilsions  at  fifteen  months;  juvenile 
paresis  at  age  of  fourteen;  last  child  blind.  (Mott.) 

6.  Juvenile  Paresis. — This  form  is  quite  distinct.  It  was  apparently 
first  recognized  as  late  as  1877  by  Clouston.   It  appears  at  the  present 
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time  not  infrequently,  since  the  AVassermann-PIaut  findings  offer  such 
certain  criteria  for  its  determination.,  Such  tests  seem  necessary,  since 
the  cHnical  picture  may  be  so  extremely  variable — hence  it  was  over- 
looked— many  patients  died  as  "imbeciles." 

Here  the  patient  may  make  a  comparatively  normal  development 
to  five  years  of  age — certain  non-de\-elopmental  forms  probably  belong 
here,  but  are  now  disregarded.  Then  the  child's  mentality  seems  to 
drop.  In  older  children,  ten  to  sixteen,  this  drop  is  more  apparent. 
Immature,  poor  memory,  bad  motor  development  and  gradual  dementia 
appear.  Childishness,  fabrication,  excitements  and  depressions,  fears 
and  anxieties,  are  frequent.  Epileptiform  convulsions  appear — many 
juvenile  paretics  are  gathered  into  the  almshouses  and  epileptic  colo- 
nies as  "epileptics  with  feeble-mindedness" — and  after  a  course  of 
three  or  four  years,  with  gradually  deepening  mental  disintegration, 
the  patient  dies.  The  histopathological  changes  are  identical  with 
those  of  the  adult  form. 

Course.— The  average  course  of  the  disease,  so  far  as  its  more  active 
features  are  concerned,  varies  from  two  to  three  years.  Patients  may 
die  in  the  first  convulsion  previous  to  which  no  disease  has  been  sus- 
pected; this  is  extremely  exceptional;  a  few  galloping  cases  die  within 
six  months;  on  the  other  hand  there  are  certain  very  rare  instances 
of  a  very  long  course.  Nissl  examined  the  cortex  of  a  patient  who  died 
twenty-eight  years  after  the  onset  of  symptoms.  It  had  all  of  the 
signs  of  a  true  paresis.  Alzheimer  has  reported  a  case  of  thirty-two 
\-ears'  duration,  and  the  literature  contains  numerous  references  to 
cases  in  w^hich  early  signs  of  syphilis  of  the  nervous  sj^stem  have 
been  present  ten,  fifteen,  twenty  years  before  final  death  by  paresis. 
Xotwdthstanding  these  anomalies,  it  is  fairly  certain  that  50  per 
cent,  of  paretics  die  within  two  years  of  the  frank  onset  of  the 
disease. 

Attention  has  already  been  directed  to  the  fact  that  it  is  generally 
considered  that  paresis  runs  a  uniformly  fatal  course.  While  what 
seems  to  be  evidence  that  this  is  not  absolutely  true  is  accumulating, 
still  the  most  sanguine  optimist  approaches  the  question  of  the  prog- 
nosis of  paresis  with  some  hesitancy. 

The  study  of  the  cerebrospinal  fluid  has  shown  that  the  cell  changes, 
so  prominent  in  adult  paresis,  may  exist  for  years  before  the  marked 
clinical  manifestations.  Certain  syphilitic  accidents,  especially  in 
the  cranial  nerve  innervations,  diplopia,  ptosis,  Argyll-Robertson, 
dizziness,  fainting  attacks,  passing  epileptiform  seizures,  are  known 
to  occur  four  to  ten  years  preceding  a  paresis.  They  may  also  occur 
without  any  later  developing  paresis. 

Even  the  mental  signs,  so  prominent  in  paresis,  may  show  themselves 
very  insidiously,  and  take  several  years  to  develop  into  a  fully  marked 
paretic  picture.  The  question  of  a  svphilitic  neurasthenia,  as  a  precursor 
of  paresis,  is  one  which  is  by  no  means  settled.  Again  it  should  be 
borne  in  mind  that  just  as  craiu'al  nerve  precursors  are  known,  so  also 
psychical  precursors  be  present  in  the  form  of  attacks  of  acute 
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excitement — a  manic  attack  or  an  acute  depression — such  may  be  a 
true  syphilitic  accident,  and  antecedent  to,  or  preparatory  of  a  paresis. 
Experience  seems  to  show  that  such  mental  events  antecedent  to  paresis 
are  rarer  than  .the  neurological  events,  but  it  may  be  solely  because 
attention  has  not  yet  been  directed  to  iliem. 

Remissions  constitute  a  very  striking  picture  in  paresis,  and,  so  far 
as  figures  can  show,  such  indicate  that  they  occur  in  about  20  per  cent, 
of  all  cases,  although  long  remissions,  very  distinct  remission,  in  the 
sense  of  marked  mental  amelioration,  occur  much  less  often.  Gaupp 
places  a  very  low  percentage  on  long  remissions — i.  e.,  one  or  two  years 
— namely,  10  per  cent. 

In  the  remission  some  patients  obtain  much  insight  into  their  former 
state,  and  often  wonder  how  they  could  ever  have  been  so  nonsensical. 

In  the  majority  of  cases,  the  recovery  is  only  partial.  Careful  in- 
telligence tests  will  reveal  marked  defect,  yet  to  the  layman,  or  even 
to  the  physician,  the  patient  seems  perfectly  well.  These  remissions 
always  constitute  a  danger  point  in  this  disease,  as  previous  restrictive 
measures  are  not  infrequently  let  up,  and  the  patient,  in  his  new-found 
freedom,  and  still  not  normal  state,  is  very  apt  to  commit  some 
foolishness. 

These  remissions  last  a  variable  length  of  time,  from  a  few  months 
to  several  years,  and  in  this  period  certain  patients  are  known  to  do 
valuable  work,  even  in  the  more  cultivated  walks  of  life,  painting, 
sculpture,  etc.  Those  remissions  which  last  a  few  years,  however, 
are  the  exceptions,  though  remissions  of  over  ten  or  even  fifteen  years 
do  occur  in  undoubted  paresis;  or,  shall  it  be  said — periods  of  health 
between  a  syphilitic  antecedent,  and  a  parasyphilitic  consequent;  in 
a  sense  analogous  to  diphtheria — diphtheritic  palsy.  For,  it  must  be 
borne  in  mind  that,  in  all  of  those  cases  under  discussion,  those  of 
Gaupp,  Alzheimer,  Nasse,  Kraepelin,  Tuczek,  Halban,  and  others 
no  cerebrospinal  fluid  studies  were  made  in  the  earlier  period  of 
the  attack,  and,  as  it  has  been  pointed  out,  both  neurological  and 
psychotic  antecedents  of  syphilitic  origin  may  precede  paresis,  or 
occur  independently  of  it,  and  remain  as  cured,  isolated,  syphilitic 
phenomena. 

At  all  events,  laying  aside  this  lack  of  technical  completeness  in  the 
picture,  it  seems  highly  probable  that  certain  rare  instances  have 
occurred,  where  paretics  have  recovered,  or  have  run  such  a  protracted 
course  as  to  be  logically  regarded  as  having  made  a  recovery.  The 
cytological  and  serological  gaps  are  now  being  filled  in,  and  are  beginning 
to  be  available  in  sharpening  our  criteria  on  this  question  (Plant). 

Kraepelin  and  Gaupp  have  shown  that  in  the  majority  of  cases  the 
long  protracted  cases,  and  the  cured  cases,  so-called,  are  cerebrospinal 
syphilis. 

Nearly  all  of  the  patients  with  paresis  die  within  five  years  after 
the  decided  outbreak  of  the  disease.  Kraepelin's  series  of  244  cases 
showed  the  following  death  rate:  I,  51;  II,  63;  III,  52;  IV,  4;  V,  22; 
VI,  4;  VII,  5;  VIII,  2;  IX,  2;  X,  1;  XIV,  1. 


PLATE  XXIX 

Fig.  1 


Paresis.     Plasma  Cells  Degenerating.  (Lafora.) 


Fig.  2 


Paresis.    New  Vessel  Formation.  (Kraepelin.) 
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A  large  number  of  statistics  show  the  average  duration  at  twenty- 
four  to  twenty-eight  months.  Tiie  short  periods  also  show  great 
variability.  Certain  patients  are  known  to  die  in  their  first  apoplec- 
tiform seizure — paresis  nex'er  having  been  suspected — others  run  an 
acute  course  of  a  few  months. 

Death  may  occur  in  a  seizure,  from  choking,  insufflation,  pneumonia, 
intercurrent  disease,  or  from  general  debility  and  secondary  infection. 

Histopathology. — General  paresis  is  a  widespread  reaction  to  the 
syphilitic  virus.  That  this  reactive,  productive  result  may  be  due  to 
other  factors  than  syphilis  alone  is  a  large  question  which  cannot  be 
entered  upon  here.  The  work  of  Nissl  and  Alzheimer  has  seemed  to 
show  that  certain  anatomical  pictures  are  present  in  paresis  which 
are  not  found  in  other  types  of  syphilitic  disease.  This  dictum,  while 
apparently  still  not  overthrown,  is  actively  disputed,  and  in  certain 
regards  seems  to  be  in  need  of  modification.  More  instances  of  the 
simultaneous  occurrence  of  tertiary  syphilitic  and  paretic  changes 
within  the  brain  are  accumulating,  and  it  seems  not  unlikely  that 
certain  modifications  must  be  made  in  the  formula  that  regards  paresis 
as  a  disease  process  absolutely  separable  from  tertiary  cerebral  syphilis 
(Straussler).  That  this  point  of  view  has  definite  therapeutic  relations 
is  obvious. 

The  disease  process  in  paresis  is  not  limited  to  the  nervous  structures 
alone.  It  is  present  throughout  the  entire  body,  but  to  regard  it  as 
a  disease  of  the  bodily  organs,  independent  of  nervous  structures,  does 
not  seem  to  be  justified.  It  has  never  come  to  bur  notice  that  a  diagnosis 
of  paresis  has  been  made  without  nervous  cell  changes.  The  statement 
then  that  paresis  is  a  physical  disorder,  with  mental  accompaniments 
and  not  a  mental  disorder,  is  only  a  play  on  words. 

The  old  classical  teaching  regarding  the  gross  lesions  in  the  bones 
and  dura  may  be  swept  aside.  They  are  true  for  other  things  than 
paresis  and  may  not  be  found  in  true  paresis.  The  pial  infiltration 
is  more  characteristic.  Periarteritis  and  lymphocytic  infiltration  is 
the  rule. 

Plasma  cells  are  frequent  in  and  around  the  small  vessels.  Plasma 
cells,  as  plasma  cells,  are  alone  not  diagnostic.  Within  the  cortex, 
many  changes  are  taking  place.  They  with  the  pial  changes  must 
be  regarded  in  their  totality.  New  bloodvessel  formation  is  frequent 
in  both  the  pia  and  the  upper  layers  of  the  cortex,  and  regressive 
changes  accompany  the  productive  reactive  growth. 

In  the  brains  of  paretics,  who  have  been  sick  for  some  time,  there  is 
marked  atrophy  of  the  cortex,  the  reduction  being  particularly  noticeable 
in  the  frontal  lobes  (80  per  cent.  Alzheimer).  Other  gyri  or  lobes  are 
involved,  usually  in  minor  degree.  General  difi'use  atrophy  is  present 
in  the  severer,  long-standing  cases.  The  ventricles  are  usually  dilated, 
the  ependyma  being  swollen  and  rich  in  neuroglia  undergoing  hyaline 
degenerations. 

Along  with  this  active  proliferation  of  new  bloodvessels,  which  takes 
place  in  the  cortex  very  irregularly  and  in  much  variation  as  to  richness 
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and  location,  the  elastic  tissue  network  about  the  vessels  shows  striking 
alterations.  The  adventitial  cells  increase,  there  is  a  dilatation  and 
infiltration  of  the  adventitial  lymph  spaces.  Lymphocytes,  plasma 
cells,  mast  cells  occur  in  the  infiltrate.  Hod  cclis  of  Nissl  are  a  frequent 
finding  in  these  areas  of  new  vessel  proliferation,  with  regressive  vascular 
degeneration. 

The  ganglion  cell  changes  are  widespread  and  very  variable.  Total 
destruction  with  neuroglial  replacement  is  present  in  certain  areas; 
others  show  less  ganglion  cell  destruction.  The  cell  architecture  is 
markedly  impoverished. 

The  ganglion  cell  changes  vary  from  those  of  acute  swellings  to  the 
Nissl  grave  alterations  which  point  to  total  destruction.  These  cortical 
changes  are  more  frequent  in  the  frontal  regions,  but  great  variability 
is  the  rule. 

The  axis-cylinders  undergo  degeneration  in  like  proportion  to  that 
of  the  cells,  those  of  the  third  and  second  cellular  layers  bearing  the 
brunt  of  the  degenerative  process.  The  neurofibrils  show  pathological 
waviness,  beading,  crumbling,  and  granular  dissolution,  particularly 
accentuated  in  the  peripheral  networks  about  the  nucleus,  and  finally 
in  the  cells;  with  grave  Nissl  disease  the  fibrils  have  entirely  vanished. 

Neuroglia  replacement  as  well  as  new  glia  formation  is  common  and 
widespread.  The  external  layers  of  the  cerebral  and  cerebellar  cortex 
are  particularly  infiltrated.  A  similar  grouping  of  neuroglia  cells  is 
found  about  the  bloodvessels.  Degenerative  alterations  are  present 
in  the  neuroglia  as  well. 

Similar  changes  are  found  in  the  basal  ganglia,  the  cerebellum,  pons, 
medulla,  and  spinal  cord,  but  their  description  lies  outside  of  the  scope 
of  this  work. 

Similarly  it  can  be  mentioned  only  that  changes  of  a  definite  charac- 
ter are  found  in  the  sympathetic  ganglia,  peripheral  nerves,  and  other 
organs  of  the  body.  Thus  the  aorta  is  involved  in  at  least  75  to  80 
per  cent,  of  all  paretics,  and  periarteritic  changes  are  noted  within 
the  organs  throughout  the  entire  body. 

Treatment  of  Paresis. — The  treatment  of  paresis  is  as  yet  an  uncer- 
tain chapter  in  psychiatry.  An  attempt  will  be  made  here  to  discuss 
the  treatment  from  several  points  of  view.    I  shall  discuss: 

1.  The  possible  abortion  of  paresis. 

2.  Treatment  of  early  stages  as  a  syphilitic  disease;  other  therapeutic 
suggestions,  as  secondary  infection,  etc. 

3.  The  medico-legal  situation  and  its  needs. 

4.  The  treatment  of  the  disordered  conduct — particularly  excite- 
ment, attacks,  and  general  management. 

1.  Possible  Abortion  of  Paresis. — In  a  following  section  on  tabes, 
this  subject  is  considered  in  extenso.  The  position  is  there  taken  that 
a  probable  paresis  may  be  diagnosticated  months,  if  not  years,  before 
the  actual  onset  of  the  disease,  by  means  of  the  examination  of  the 
cerebrospinal  fluid  and  of  the  blood.  The  four  reactions  are  positive. 
The  fluid  being  positive  in  small  quantities,  0.05  to  0.2  c.c. 


PLATE  XXX 


Fiy.  1 


Brain  of  a  Paretic  Showing  Marked  Atrophy.     Peehng  of 
the  Cortex  due  to  Adhesions  of  the  Pia. 


Ficj.  2 


Organization  of  Virchow-Robin  Lymph  Spaces  in  General 
Paresis.     Tannin  Silver.  (Achucarro.) 


PLATE  XXXI 


Devastation  of  Cor-tex  in  Paresis.  (Kraepelin.) 
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The  positive  occurrence  of  the  four  reactions  may  also  be  encountered, 
however,  in  active  fuhninating  states  of  cerebrospinal  syphilis,  par- 
ticularly of  those  forms  with  meningeal  inflammatory  changes.  This 
introduces  a  doubt  of  diagnosis  for  a  small  number  of  cases.  It  is, 
however,  a  positive  indication  for  an  active  antisyphilitic  treatment, 
and  hence  runs  parallel  with  the  goal  to  be  gained.  It  is  the  author's 
personal  conviction  that  an  energetic  antisyphilitic  treatment  as  out- 
lined in  the  section  on  Tabes  (see  page  369)  in  the  biological  stage  may 
abort  a  general  paresis.  Logically  it  may  be  claimed  that  one  begs 
the  question.  How^  can  a  paresis  be  aborted  when  there  is  no  uncon- 
trovertable  evidence  that  a  paresis  and  not  a  cerebrospinal  syphilis 
will  develop? 

Historically  it  will  be  recalled  that  Fournier  laid  strong  emphasis 
upon  his  opinion  that  by  systematic  and  thorough  treatment  of  syphilis, 
paresis  might  be  prevented.  He  attributes  his  previously  mentioned 
experience  regarding  the  fatal  course  of  the  apparently  light  cases  of 
syphilis  to  the  circumstance  that  such  cases  seldom  or  never  receive 
sufficient  treatment.  According  to  his  reckoning  only  5  per  cent,  of 
paretics  have  gone  through  a  course  of  treatment  sufficient  for  all 
requirements.  He,  therefore,  advises  in  the  first  two  years  after  infec- 
tion a  thorough  course  of  mercury  which  should  be  repeated  in  the 
fifth,  seventh,  and  eighth  years,  and  even  longer. 

Most  other  writers  upon  the  preventive  action  of  mercurial  treatment 
are  much  less  convinced.  Kiss  found  that  77.1  per  cent,  of  his  paretics 
had  had  antisyphilitic  treatment;  Schuster,  of  whose  patients  17  to 
19  per  cent,  had  had  several  courses  of  treatment,  thinks  that  no  in- 
fluence either  upon  the  frequency  of  paresis  or  upon  the  complement- 
fixation  can  be  demonstrated.  Of  the  Dalldorf  patients  (Junius  and 
Arndt)  45.2  per  cent,  had  had  antisyphilitic  treatment,  often  only 
locally.  Marcus  found  among  his  paretics  that  the  treatment  had  been 
but  partly  carried  out,  and  Kraepelin  writes  that  in  the  great  majority 
of  his  cases  only  a  single  course  of  inunctions  or  injections,  often 
enough  of  only  one  _  dose,  were  given.  Hudovering  and  Gutzmann 
determined  that  among  28  cases  of  metasyphilitic  and  late  syphilitic 
brain  and  cord  affections,  a  half  had  received  no  treatment,  and  only 
5  a  sufficient  amount.  It  will  require  new  and  extended  experience  to 
settle  definitely  the  question  of  the  preventive  value  of  an  early  and 
thorough  treatment  of  syphilis.  It  has  been  shown  that  active  anti- 
syphilitic treatment  cannot  influence  a  paresis  unfavorably,  hence, 
writes  Kraepelin,  if  the  biological  tests  point  to  a  continuance  of  the 
action  of  the  syphilitic  virus,  such  an  antisyphilitic  treatment  should 
be  carried  out. 

Juvenile  Paresis. — The  same  position  is  taken  for  the  abortion  of  a 
juvenile  paresis,  and  it  is  justifiable  to  demand  a  Wassermann  blood 
test  for  all  children  of  parents  who  were  syphilitic  before  the  birth 
of  these  children. 

This  is  particularly  true  for  the  children  of  paretics  or  tabetics,  or 
those  with  nervous  syphilis  generally. 
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This  phase  of  the  situation  is  discussed  at  length  in  the  section  on 
Congenital  Syphilis  (see  p.  415). 

Given  a  positive  blood  Wassermann,  a  cerebrospinal  fluid  examina- 
tion should  be  made,  and  active  antisyphilitic  treatment  carried  out. 
To  continue  until  a  negative  Wassermann  is  a  settled  result  is  too 
ideal  a  program. 

Children  react  well  to  inunctions.  These  may  be  combined  with 
neosalvarsan.  The  serum  reaction  should  be  utilized  to  answer  the 
question,  How  much  to  give?  This  criterion  should  not  be  carried, 
however,  to  foolish  lengths,  especially  in  view  of  tlie  many  uncertainties 
relative  to  the  Wassermann  reaction. 

Should  these  suspects  of  a  potential  juvenile  paresis  be  given  salvarsan 
or  its  congeners?  The  author's  belief  is  that  there  are  no  reliable  data 
as  yet  to  support  any  positive  conclusions.  The  general  situation  must 
guide  one.  In  the  presence  of  evidence  of  active  syphilis,  our  belief 
is  that  salvarsan  is  more  valuable  than  mercury,  and  its  use  not  more 
dangerous.  The  potential  juvenile  paretic  should  then  receive  a  thor- 
ough combined  antisj^philitic  cure,  given  in  a  manner  best  calculated 
to  avoid  pain.  A  combined  inunction  and  salvarsan  therapy  can  thus 
be  carried  out,  as  injections  are  usually  fought  against  so  unreasonably 
by  young  children. 

2.  Treatment  of  Paresis  as  a  Syphilitic  Disease. — The  treatment  of 
paresis  as  a  syphilitic  disease,  i.  e.,  for  the  syphilis,  presents  greater 
difficulties  in  its  early,  and  by  this  is  meant  "recognizable"  stages. 
The  unusually  grave  prognosis  of  paresis,  with  its  rapid  course,  affords 
a  sharper  criterion  of  the  value  of  treatment  than  does  tabes.  On  the 
other  hand,  diagnostic  difficulties  are  more  in  evidence  in  paresis. 
Cerebrospinal  s^'philis,  brain  tumor,  cerebral  arteriosclerosis,  compli- 
cated alcohol  pictures,  syphilis  in  dementia  praecox,  these  present  sit- 
uations which  are  separable  from  paresis  with  extreme  difficulty. 
Fortunately,  the  serobiological  tests  have  offered  additional  criteria 
by  which  closer  approximations  can  be  made.  These  have  been  dis- 
cussed. Up  to  the  present  time,  however,  thorough  treatment  with 
accurate  control  through  the  serum  and  cerebrospinal  fluid  reactions 
has  been  carried  out  for  too  short  a  time  to  enable  one  to  state  what 
the  outcome  is  going  to  be  as  far  as  a  paresis  is  concerned. 

The  present-day  reports,  under  the  revised  conditions,  from  various 
sources  which  tend  to  show  the  results  are  extremely  variable.  In 
the  main  it  may  be  stated  that  recent  experiences  show  that  the  results 
of  extensive  treatment  by  the  newer  remedies,  salvarsan,  neosalvarsan, 
alone  or  combined  with  mercury,  are  suggestive  of  possible  good  to 
be  arrived  at  in  certain  cases.  In  general,  however,  the  general  results 
have  not  been  as  apparently  promising  as  in  tabes.  It  is  highly  desir- 
able that  all  who  have  reported  their  cases  should  report  the  outcome. 
Thus  far  only  two  or  three  j^ears  have  elapsed  since  completely  obser^•ed 
paretic  patients  have  been  under  treatment  by  the  newer  arsenical 
preparations.  Certain  newer  methods,  especially  those  of  Swift  and 
Ellis,  seem  to  even  offer  more  hope  than  any  heretofore. 


Gancjlion    Cell    Degeneration  and 
Rod  Cells  in  Paresis.  (Lafora.) 


Axis  Cylinder  Degeneration  in 
Paresis.  (Kraepelin.) 
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A  patient  upon  whom  a  (lia<;nosis  of  paresis  lias  been  made,  upon 
the  evidence  already  outlinetl  in  preceding  sections,  is  entitled  to  a 
vigorous  antisypliilitic  treatment.  There  are  certain  situations,  however, 
which  should  be  taken  into  consideration  which  are  here  categorically 
outlined :  («)  The  patient  may  never  have  received  any  antisyphilitic 
treatment;  (b)  antisyphilitic  treatment  may  have  been  merely  per- 
functory or  manifestly  insufficient;  (c)  antisyphilitic  treatment  may 
have  been  interfered  with  on  account  of  idiosyncrasies  to  mercury 
or  to  iodides;  {d)  the  diagnosis  may  be  incorrect — particularly  to  be 
considered  are  brain  tumors  including  gummata;  cerebral  syphilis, 
arterial  or  other  type;  arteriosclerosis,  non-syphilitic;  (e)  the  patient 
may  be  in  an  advanced  state  with  signs  of  widespread  destruction; 
(/)  the  patient  may  be  in  a  state  of  remission. 

Before  advising  or  beginning  treatment  for  a  patient  with  paresis 
these  preceding  conditions  must  be  cleared  up.  The  practitioner  in 
treating  a  patient  with  paresis  has  a  double  duty  to  perform;  he  has 
the  practical  duty  to  his  patient,  and  that  to  his  fellow  workers  relative 
to  the  results  obtained  under  fairly  accurate  conditions.  In  a  field 
as  yet  so  dark  as  that  of  syphilis  of  the  nervous  system  in  general  the 
accumulation  of  accurate  data  is  of  the  greatest  importance,  both 
from  the  standpoint  of  practice  and  for  theoretical  consideration. 

Form  of  Treatment— -\Yhat  type  of  therapy  seems  advisable  under 
the  several  conditions  outlined.  I  shall  not  discuss  the  merits  of  the 
different  types;  these  have  been  entered  into  exliaustively  in  preced- 
ing sections. 

The  general  trend  of  present-day  opinion  is  that  a  combined  mercurial 
and  salvarsan  therapy  gives  better  results  in  paresis  than  does  mercury 
or  salvarsan  alone.  Just  what  is  meant  by  "better  results"  will  be 
summarized  later. 

Then  to  such  patients — under  paragraph  (a),  i.  e.,  those  with  begin- 
ning paresis — not  under  section  (e)-  with  widespread  signs  of  degen- 
erative nerve  tissue — one  should  advise  or  carry  out  an  active 
combined  treatment.  The  details  of  such  an  active  combined  therapy 
have  been  given  under  the  section  on  Cerebral  Syphilis.  These 
patients — under  condition  (6) — are  entitled  to  the  same  advice  and 
the  same  therapy.  For  those  under  (c)  treatment  by  salvarsan  alone 
is  advisable.  For  all  the  intraspinous  treatment  of  Swift  and  Ellis  is 
advisable. 

For  those  in  whom  the  diagnosis  is  particularly  difficult  (d)  it  may 
be  said  that  at  no  time  has  it  been  shown  that  a  combined  mercury 
and  arsenic  therapy  is  more  dangerous  than  the  conditions  for  which 
one  is  being  treated.  It  is  true  deaths  in  paresis  were  reported  in  the 
early  days  as  having  been  due  to  salvarsan.  A  few  did  die,  there  is  no 
doubt  of  this — but  there  is  much  doubt  as  to  whether  the  salvarsan 
had  anything  to  do  with  it.  In  fact,  practically  all  of  the  recent  evidence 
tends  to  show  that  other  conditions  were  responsible  for  the  results, 
rather  than  the  salvarsan.  (Nonnc,  loc.  cit.;  Benario,  loc.  cit.)  The 
Herxheimer  reaction,  neurorecidive,  are  possible  in  paresis,  and  have 
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been  observed.  These  point  above  all  to  the  sypiiilis  present,  and  afford 
the  necessary  evidence  to  warrant  further  vigorous  attack.  If  a  course 
of  combined  mercury  and  salvarsan  will  tend  to  clear  up  the  localiza- 
tion of  a  cerebral  tumor  (gumma)  through  incr':ase  of  localizing  signs, 
so  much  the  gain  for  the  patient,  for  then  an  adequate  surgical  operation 
can  remove  that  which  no  amount  of  syphilitic  remedies  can  break 
down  or  destroy. 

If  it  becomes  evident  that  the  lesion  is  purely  an  arteriosclerotic 
one  from  other  causes  (heredity,  alcohol,  or  what  not)  the  combined 
treatment  has  done  no  harm — save  an  economic  one  possibly.  This 
feature  should  have  been  discussed  by  the  physician  previously  and 
the  responsibility  placed  before  the  patient — or  in  the  event  of  his 
mental  incapacity  to  those  most  entitled  to  consider  it.  This  is  a 
duty  one  owes  to  one's  conscience. 

Should  one  advise  or  embark  on  a  course  of  active  antisyphilitic 
therapy  for  an  advanced  paretic?  What  is  an  advanced  paretic? 
This  must  jSrst  be  answered.  The  clinical  course  of  paresis  is  extremely 
unorthodox.  A  patient  in  apparent  health  may  suddenly  develop 
convulsions,  be  at  death's  door  for  a  month  or  so,  will  appear  like  a 
most  "advanced"  stage  of  paresis,  may  have  all  of  the  laboratory 
signs  of  paresis;  may  die,  and  at  autopsy  one  finds  a  cerebral  syphilis, 
with  meningeal  involvement.  Evidently  these  are  not  "advanced" 
paretics;  they  might  have  been  saved  by  prompt  treatment.  By 
advanced  paretics  is  here  meant  those  bedridden  patients  in  whom  the 
disintegration  has  been  going  on  for  years,  i.  e.,  three  to  four  years, 
in  whom  deterioration  has  been  steadily  advancing  and  has  reached 
a  profound  stage;  especially  in  some  who  have  had  a  remission,  and  the 
advance  has  been  resumed. 

Should  such  patients  be  treated  in  the  intense  manner?  Experience 
seems  to  show  that  it  is  fruitless  to  do  anything  with  this  class  of 
patients.  Such  a  decision  should  be  reached,  however,  only  after 
painstaking  analysis.  Many  surprises  have  been  the  lot  of  those  who 
have  seen  some  of  these  hopeless,  advanced  paretics  come  to  autopsy. 

Treatment  in  Remissions. — As  to  the  treatment  in  the  remissions, 
i.  e.,  provided  the  remission  has  not  occurred  following  the  treament 
— are  these  to  be  interpreted  as  natural  attempts  at  cure?  In  some 
instances  this  seems  to  be  the  case,  since  in  many  the  spinal  fluid 
lymphocytes  diminish,  although  the  Wassermann  reaction  remains 
more  or  less  constant.  Although  a  remission  may  be  regarded  in  the 
light  of  a  spontaneous  attempt  at  repair,  and  hence  a  well-adapted 
time  to  attack  the  disease,  the  present  available  data  are  much  too 
fragmentary  to  permit  conclusions. 

The  special  danger  to  which  attention  should  be  called,  however, 
is  not  to  regard  the  remission  as  a  signal  for  leaving  well  enough  alone. 
If  an  antisyphilitic  course  has  been  decided  upon,  the  occurrence  of 
a  remission  should  not  in  any  way  interfere  with  the  carrying  on  of 
the  treatment.  It  is  a  blind  and  stupid  optimism  that  would  regard 
such  a  patient  as  having  recovered;  to  permit  him  to  resume  his  civil 
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rights  without  restriction;  to  send  liim  abroad  as  a  neurasthenic,  or 
to  allow  many  of  the  foolish  thin|j;s  that  friends  suggest  in  this  at 
times  very  perplexing  situation. 

The  categorical  list  here  suggested  has  been  exhausted,  but  it  does 
not  cover  all  of  the  possible  situations  that  may  arise  in  the  considera- 
tion of  the  paretic — so  far  as  antisyphilitic  treatment  is  concerned. 
xA.ttention  is  called  to  this,  for  at  any  moment  a  situation  may  arise 
in  this  actively  progressing  field  that  will  require  a  shift  of  viewpoint 
in  all  of  the  points  brought  up. 

Summary  of  Saharsan  Therapy. — A  word  then  as  to  one  of  these 
newer  situations  which  has  done  much  to  provoke  research  in  this 
almost  hopeless  field — namely,  salvarsan  therapy.  What  is  the  best 
summary  of  opinion  that  can  be  offered  at  the  present  time?  Collective 
judgment  is  necessary,  since  an  individual  is  so  small  a  unit  in  our 
large  social  organism. 

Nonne's  summary  of  the  intravenous  salvarsan  therapy  is  here  given. 
I  quote  him  more  or  less  verbatim  (p.  227) :  "  Finally,  I  come  to  the 
consideration  of  the  salvarsan  treatment  of  paresis.  Here  hopes  were 
not  slight.  Practically  all  observers  said  or  wrote  that,  although  on 
a  priori  lines,  there  was  little  to  be  expected  in  this  disease,  yet — and 
the  opinion  w^as  general — one  could  at  least  hope  that  the  disease 
could  be  brought  to  a  standstill,  that  its  character  might  be  bettered, 
that  the  remission  might  come  on  sooner  or  last  longer,  and  the  fact 
is  that  nearly  all  investigators  who  treated  the  true  syphilitic  diseases 
of  the  nervous  system  and  tabes  with  salvarsan  also  took  on  paresis. 
Ehrlich's  w^arning  that  paretics  in  advanced  degenerative  stages  were 
ruled  out  of  consideration  was  not  followed,  for  a  search  of  the  litera- 
ture shows  that  cases  of  paresis  (as  also  of  tabes)  in  all  stages  were 
subjected  to  salvarsan  therapy  in  all  parts  of  the  w^orld. 

"It  can  now  be  established  that  salvarsan  therapy  has  done  no  harm 
even  to  the  patients  in  advanced  stages  of  paresis,  if  one  w^ould  exclude 
the  single  case  of  Jorgensen,  in  which  an  acute  arsenical  poisoning 
took  place  in  a  very  advanced  paretic,  and  which  on  section  showed 
no  disease  of  the  internal  organs.  It  should  be  specially  noted  that 
previously  in  paresis  conditions  which  must  be  interpreted  as  neuro- 
recidive  have  not  been  known.  Cases  have  been  noted,  as  for  instance 
by  Treupel,  in  which  conditions  of  severe  excitement,  which  necessitated 
restraint  have  followed  the  treatment  by  means  of  salvarsan.  I  have 
had  two  such  cases  in  my  own  experience,  but  such  are  conditions  which 
are  known  to  be  possible  in  any  case  of  paresis  with  or  without  treatment. 
It  should  be  said,  however,  that  the  publications  are  very  recent, 
and  that  the  time  for  observation  is  still  short  for  all  cases,  and  that 
certain  reports  are  excellent  examples  of  what  they  should  not  be. 
Thus  one  author  writes:  'A  woman  in  whom  a  beginning  paresis 
was  fliagnosticated,  i.  e.,  feared,  was  completely  cured  in  ten  days.' 

"The  reflection  of  the  numerous  and  widespread  communications 
is  that  salvarsan  is  no  more  a  curative  for  paresis  than  is  mercury 
or  iodide.  Treatment  by  salvarsan  has  shown  remissions,  which  came 
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on  quickly  and  were  very  marked,  showing  marked  raising  of  the  psy- 
chical state,  improvement  in  speech  and  writing  and  of  the  physical 
signs.  No  cases  are  known,  however,  which  are  more  convincing  than 
those  which  experienced  practitioners  have  already  experienced  in 
paresis.  Our  conclusion,  so  far  as  paresis  is  concerned,  is  as  follows: 
In  incipient  cases  of  paresis  the  treatment  by  salvarsan  is  permissible. 
In  those  patients  for  whom  mercury  has  been  of  service,  and  by  whom 
mercury  is  no  longer  tolerated,  salvarsan  is  indicated.  In  patients 
with  advanced  paresis,  who  have  either  not  been  treated  or  for  whom 
mercury  has  been  of  no  service,  treatment  by  salvarsan  is  useless." 

The  situation  for  intraspinous  salvarsan  therapy  so  far  as  paresis 
is  concerned  is  yet  too  recent  to  permit  of  dogmatic  presentation. 
The  number  of  paretic  patients  as  yet  treated  by  Swift  and  Ellis  is 
too  few  to  permit  more  than  a  showing  of  the  results  in  one  patient. 
These  point  to  very  hopeful  indications.  The  most  marked  improve- 
ment here  is  the  reduction  of  cells  from  98  to  4,  and  the  need  for  larger 
quantities  of  fluid  to  show  a  positive  Wassermann  reaction.  Clinicalh', 
there  is  improvement.    (See  History  of  M.  N.,  page  365.) 

The  sorry  position  in  paresis  is  partly  explained  by  the  histological 
findings.  Reference  to  Plate  XXX,  Fig.  2,  shows  the  infiltrated 
Robin- Virchow  lymph  spaces.  In  paresis  these  are  filled  with  an 
organized  new  growth  which  effectually  stops  off  all  lymph  flow.  They 
also  can  be  assumed  to  block  off  all  therapeutic  stuffs  which  might  flow 
in  the  lymph  spaces.  Furthermore,  a  reference  to  the  Moore-Noguchi 
findings  of  the  Treponema  pallidum  shows  them  to  be  at  a  distance 
from  bloodvessels  and  lymph  spaces.  They  have  become  inaccessible 
to  all  therapeutic  agents.  Paresis  then  is  eminently  the  problem  of  the 
inaccessible  spirochete.  Whether  intraspinous,  perhaps  intracerebral, 
therapy  will  reach  the  organism  is  the  problem  of  the  immediate  future. 
Introduction  of  sera  similar  to  those  of  Swift  and  Ellis  directly  into 
the  cerebral  vesicles  may  offer  some  results  in  spite  of  technical  diffi- 
culties. 

The  whole  question  narrows  down  to  this.  The  Treponema  pallidum 
is  there.  It  is  safely  ensconced  as  far  as  possible  from  all  avenues  of 
approach.  How  can  it  be  gotten  at?  All  other  questions  such  as  those 
of  increasing  leukocytosis,  nuclein  therapy,  accessory  bacterial  infec- 
tions, etc.,  become  insignificant  in  view  of  the  finding  of  the  organism. 

Other  Forms  of  Treatment. — Other  treatments  for  paresis  have  been 
suggested.  Among  them  may  be  mentioned  those  that  would  set 
up  an  acute  reaction  to  some  septic  organism.  Wagner  von  Jauregg 
was  among  the  earlier  experimenters  in  this  line.  He  combined  mer- 
cury and  iodide  with  Koch's  old  tuberculin.  Pilcz,  carrying  out  his 
suggestions,  reported  some  excellent  results  in  1910  by  this  method. 
Remissions  were  marked  in  his  opinion,  and  some  26  per  cent,  of  the 
patients  showed  more  than  usually  good  improvement. 

Small  doses  of  tuberculin,  gram  0.005  to  0.01,  are  used  in  the  begin- 
ning, the  dose  being  repeated  every  second  day,  allowing  forty-eight 
hours  for  the  cessation  of  the  temperature  reaction.     Increase  in 
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dosaf2:e  is  regulated  according  to  the  temperature,  the  dose  being 
doubled  if  the  temperature  does  not  rise  above  100°  F.  until  doses 
of  0.3  to  0.5  or  even  1.0  tuberculin  are  given.  The  method  is  tedious 
and  up  to  the  present  time  offers  little  that  is  definite. 

Later  this  same  author,  with  Halban,  utilized  the  dead  products 
of  purulent  organisms,  streptococci  and  staphylococci.  Remissions 
occurred  late  in  the  treatment  in  contrast  with  the  rapidly  appearing 
remissions  seen  in  the  tuberculin  therapy.  Experiments  are  still  in 
progress,  but  seem  to  offer  little. 

Ford  Robertson  has  utilized  his  Bacillus  paralyticans  along  similar 
Hnes.  They  utilize  a  vaccine.  As  yet  no  attack  has  been  made  with 
success  along  this  line,  but  experiments  are  still  in  progress. 

The  general  hypotheses  underlying  this  type  of  therapy  are  that 
(a)  an  increase  in  leukocytes  may  aid  the  body  in  its  combat  with  the 
spirochetes,  and  (6)  the  introduction  of  other  pathogenic  organisms 
hinders  the  growth  of  the  syphilis  organisms. 

Injections  by  nucleins,  lecithins,  spermins,  etc.,  have  been  tried 
with  the  view  to  induce  leukocytosis.  Fischer  and  Donath  have  utilized 
nucleinic  acid,  sodium  nucleinate,  and  related  salts.  Every  three  to 
five  days  a  half  gram  of  the  sodium  nucleinate  is  injected.  Peritz 
utilizes  lecithin.  With  it,  distinct  alterations  in  the  Wassermann 
reaction  have  been  observed. 

Sera  have  also  been  employed.  All  of  these  remedies  are  as  yet 
in  the  experimental  stage. 

3.  Medico-legal  Treatment. — A  paretic  is  always  potentially  a  menace 
to  himself,  to  his  neighbors,  and  to  his  property.  At  any  given  period, 
i.  e.,  in  the  early  stages,  this  may  not  be  in  evidence,  but  at  any 
moment  such  a  patient  may  suddenly  alter  in  his  behavior,  and,  by 
antisocial  or  foolish  conduct,  jeopardize  his  own  life  or  that  of  others, 
or  wre(5k  a  fortune,  or  become  involved  in  scandals  of  various  degrees 
of  complexity  or  unsavoriness. 

Sexual  aberrancies  are  very  frequent  even  in  the  early  stages.  These 
may  consist  of  exhibitionism,  homosexuality,  incest,  shameless  conduct 
with  prostitutes.  A  great  variety  of  entanglements,  social,  legal, 
economic,  ensue,  with  the  result  that  human  parasites,  male  as  well 
as  female,  fasten  upon  such  a  victim  and  literally  gnaw  him  to  the  bone. 

Again,  such  patients  become  the  prey  of  promoters,  speculators, 
reformers,  etc.  Even  religious  organizations  have  sucked  their  quota 
from  paretic  patients.   Foolish  business  schemes  also  dissipate  fortunes. 

Hence,  every  paretic  should  be  under  some  sort  of  surveillance,  so 
that  his  person  and  property  may  not  be  put  in  jeopardy  by  reason 
of  his  disease. 

Under  the  best  of  circumstances,  with  all  the  help  that  can  come 
from  the  best  forces  of  social  culture,  it  may  be  a  difficult  problem  to 
bring  about  a  maximum  of  protection  with  a  minimum  of  deprivation 
of  the  rights  of  the  individual,  but  when  the  situation  becomes  com- 
plicated by  inefficient  laws,  designing  and  grasping  lawyers,  ignorant, 
arrogant,  and  inefficient  judges,  the  situation  is  hopeless.    Often  the 
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physician  has  to  close  his  eyes  while  the  human  vultures  found  in  all 
societies  feed  upon  their  victims.  This  "is  not  an  overdrawn  picture, 
though  fortunately  it  is  not  a  common  one,  because  so  few  of  the 
victims  have  money  enough  to  make  it  worth  while. 

A  fuller  discussion  of  medico-legal  problems  is  found  in  Volume  I 
of  this  work. 

4.  Treatment  of  Symptoms. — The  causal  treatment  of  paresis  is  still 
in  the  experimental  stage.  The  symptomatic  treatment  is  about  all 
that  can  be  done,  and  it  aims  solely  to  make  a  patient  comfortable, 
keep  him  clean,  and  prolong  a  well-nigh  hopeless  struggle. 

Rest,  relief  from  business  responsibilities,  and  a  regulation  of  the 
affairs  of  life  are  the  general  formula.  When  patients  are  having 
attacks,  when  they  are  noisy  and  excited,  when  they  are  uncleanly 
or  suicidal,  they  should  be  treated  in  a  sanatorium. 

It  is  folly  to  try  to  treat  a  paretic  at  home  and  allow  him  unrestricted 
liberty,  unless  there  are  special  indications  which  will  permit  it.  The 
senseless  procedure  of  sending  paretics  to  summer  bathing  resorts, 
surrounded  by  excitement  and  distractions,  "to  keep  him  amused 
or  to  rest  his  mind,"  as  is  so  frequently  done,  should  be  forbidden. 
Such  trips  fatigue  the  patient,  make  him  fretful,  the  baths  exhaust 
him,  and  the  usual  result  is  one  of  very  rapid  deterioration,  with  fre- 
quent epileptiform  attacks.  Not  infrequently  the  parasites  at  such 
resorts  fix  themselves  upon  such  patients  and  extremely  trying  compli- 
cations— blackmail,  etc. — ensue.  All  these  procedures  for  a  neuras- 
thenic paretic  are  nonsense — only  exceeded  by  a  trip  to  INIuldoon's 
or  other  resorts  of  strenuous  athletics. 

]Mild  hydrotherapy  is  not  contraindicated — in  fact  is  advisable — 
but  it  should  consist  solely  of  warm  packs,  rubbings,  etc.  Showers, 
douches,  forced  streams,  etc.,  are  disadvantageous. 

The  diet  should  be  ample  and  supporting,  and  alcohol  should  be 
excluded.  Tea,  coffee,  and  tobacco  are  interdicted  by  most  phj'sicians. 
In  moderation,  and  at  the  proper  time,  they  do  no  appreciable  harm — 
possibly  with  the  exception  of  tobacco. 

Excited  paretics,  especially  of  the  anxiety  type,  are  managed  with 
considerable  difficulty.  Such  should  be  transferred  to  quiet  surround- 
ings. Baths  and  packs  are  indicated  to  try  to  allay  the  excitement. 
But  not  infrequently  they  are  inefficient.  Continuous  baths  in  a 
properly  fitted  bathroom  are  of  great  service,  but  cannot  be  found 
outside  of  the  larger,  better  appointed  mental  hospitals.  Veronal, 
hyoscine,  other  narcotics  may  be  necessary  to  quiet  such  very  noisy 
patients,  but  chemical  restraint  should  not  take  the  place  of  proper 
nursing  and  attendance.  These  patients  should  be  carefully  watched, 
else  they  hurt  themselves.  Abrasions  serve  as  ports  of  entry  for 
infections  which  spread  very  rapidly,  causing  furunculosis,  erysipelas, 
and  cellulitis. 

In  marked  senseless  excitement  Kraepelin  has  tried  to  cause  improve- 
ment by  systematic  (subcutaneous)  infusions,  repeated  twice  daily. 
Each  time  750  c.c.  of  saline  solution  arc  introduced.    The  treatment 
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was  continued  for  two  weeks  without  bad  efi'ect.  The  patient  who 
seemed  to  be  doomed  to  a  rapid  decline,  underwent  marked  and  lasting 
improvement,  so  that  further  use  of  this  procedure  in  such  cases  may 
be  warranted. 

Donath  has  recently  recommended  very  warmly  the  systematic 
employment  of  infusions  in  paresis;  he  uses,  besides  0.85  per  cent, 
saline  solution,  a  complex  isotonic  solution. 

For  the  treatment  of  paretic  seizures,  certain  authors  have  advocated 
packing  the  head  in  ice;  in  severe  convulsions  enemas  of  amylene 
hydrate  (6  grain).  This  drug  may  be  given  subcutaneously  in  5  to  10 
per  cent,  solution.  If  a  quick  effect  is  necessary,  chloroform  narcosis 
to  the  point  of  quieting  the  motor  symptoms  may  be  resorted  to. 

In  cardiac  failure  stimulants  are  indicated,  such  as  caffeine,  camphor, 
alcohol  in  small  doses,  but  especially  saline  infusions  and  inhalation 
of  oxygen.  None  of  these  remedies  have  any  marked  effect,  save  in 
certain  prolonged  status  attacks. 

The  emptying  of  the  bowels  and  bladder  requires  assistance  by  enema 
or  catheterization,  usually  only  in  the  beginning  of  an  attack;  later 
the  functions  operate  by  themselves,  although  too  long  a  delay  may 
permit  distention  with  resulting  paralysis  of  both  organs,  after  which 
they  will  require  constant  artificial  means.  Unfortunately  the  treat- 
ment of  vesical  paralysis  is  often  interfered  with  by  stricture.  It  is 
useful  to  follow  catheterization  by  washing  out  the  bladder  (boric 
acid),  which  may  be  given  at  a  cool  temperature  when  there  is  laxness 
of  the  sphincter.  At  other  times  than  during  attacks  the  evacuation 
of  urine  and  feces  also  needs  constant  attention  if  one  would  avoid 
urine  dribbling  and  loss  of  control  of  the  rectum.  The  physician  should 
accustom  himself  to  note,  by  palpation  above  the  symphysis,  the 
fulness  of  the  bladder  in  his  paralyzed  or  bedridden  paretics  on  each 
of  his  visits.  A  warm  bath  at  the  right  time  will  stimulate  the  emptying 
of  the  bladder.  Vesical  inflammation  requires  irrigation  and  urotropin. 
In  one  of  Kraepelin's  patients,  who  had  already  been  catheterized  for 
two  years,  independent  micturition  was  restored  by  four  weeks  of  irri- 
gation (tannin  solution)  twice  daily,  nor  was  it  lost  during  a  paretic 
attack  lasting  thirteen  days.  In  this  same  patient  no  bed-sores  occurred 
up  to  the  day  of  death,  in  spite  of  deep  coma  and  almost  complete 
pulselessness. 

Nourishment  should  be  always  given  by  tube  during  attacks  (neces- 
sary only  in  attacks  lasting  many  days) ;  simply  pouring  food  into  the 
mouth  is  highly  dangerous.  If  one  is  careful  to  clean  and  disinfect 
the  mouth  frequently  with  a  moist  cloth  (potassium  chlorate)  and  to 
maintain  the  moisture  of  the  cornea  by  regular  half-hourly  moving 
of  the  partly  opened  eyelids  (to  prevent  ulceration),  one  will  often 
succeed  in  keeping  the  patient  alive  even  through  convulsive  status 
attacks  lasting  eight  to  fourteen  days. 

Paretics  in  the  last  bedridden  stage  require  great  care.  It  is  necessary 
to  attend  personally  to  the  cleanliness  of  the  patient,  and  to  watch  the 
taking  of  food,  also,  on  account  of  the  careless  chewing,  to  give  only 
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finely  cut,  easily  masticated  food,  and  to  prevent  the  greedy  gulping  of 
a  meal,  since  a  fatal  suffocation  can  easily  occur.  During  convulsions, 
and  in  very  demented  patients,  the  pre\'ention  of  bed-sores  is  of  the 
greatest  importance.  Sometimes  the  best  means  to  this  end  is  the  con- 
tinuous bath,  with  the  patient  lying  on  a  stretched  sheet,  or  possibly 
on  a  water-bed.  If  this  is  not  practicable,  it  is  of  most  help  to  maintain 
strict  cleanliness  of  the  threatened  part  by  frequent  washing  with  cold 
water  or  solution  of  bichloride  in  alcohol,  careful  removal  of  wrinkles, 
bread  crumbs,  etc.,  from  the  bed,  the  use  of  water  or  air  pillows,  or 
lying  upon  cotton-wool  or  moss,  which  quickly  absorb  urine  or  other 
moisture;  unfortunately  these  are  often  torn  up  by  demented  patients. 
Finally  a  regular  changing  of  the  position  of  the  patient  by  an  attendant 
is  necessary,  so  that  the  patient  (in  severe  cases  every  half-hour,  day 
and  night)  lies  alternately  on  his  side,  abdomen,  back,  etc.  This 
method,  devised  by  von  Gudden,  which  also,  to  a  certain  extent,  obviates 
hypostatic  pneumonia,  has  for  decades  made  it  possible  to  almost 
do  away  with  the  otherwise  inevitable  bed-sores  of  paretics  (10  per 
cent,  die  of  this  cause,  according  to  Mendel)  and,  in  any  case,  the  very 
dangerous  forms  are  prevented.  It  is  much  more  difficult  to  cause 
the  bed-sore  to  heal  when,  through  insufficient  care  or  neglect,  even 
for  a  few  hours,  it  has  once  become  started.  Since  the  patients,  by 
their  restlessness  and  tearing  the  dressing,  often  render  the  usual 
surgical  treatment  very  difficult,  such  cases  make  the  greatest  demands 
upon  the  patience  and  attention  of  physicians  and  nurses.  Since  the 
employment  of  the  continuous  bath  by  day  and  night,  even  such  cases 
have  lost  most  of  their  dread.  The  patients  take  very  kindly  to  the 
treatment,  and  the  sores  heal,  with,  occasional  surgical  help,  without 
any  complications. 

6.  TABES 

The  early  history  of  the  term  tabes  dorsalis  is  full  of  surprises.  It 
was  originally  used  by  the  ancients  as  a  consumption  of  the  spine, 
and  its  chief  symptom  was  a  "pituitary"  discharge  from  the  penis, 
the  spinal  canal  being  believed  in  those  days  to  be  open  from  the  brain 
to  the  bladder.  Gonorrhea,  gleet,  prostatorrhea,  etc.,  were  then  diag- 
nosticated as  tabes  dorsalis.  In  the  middle  ages  spinal  symptoms 
were  added,  but  the  old  conception  still  held.  When  Columbus  took 
syphilis  to  Europe  the  tabes  of  modern  days  appeared,  but  there  seemed 
to  be  no  real  glimpses  of  it  until  the  beginning  of  the  nineteenth 
century.  Before  this  it  was  all  lumped  in  the  paraplegia,  myelitis 
groups. 

Horn  (1816),  Weidenbach  (1817),  W.  Horn  (1827),  Decher  (1838), 
and  finally  Steinthal  (1847),  Romberg  (1851),  and  Duchenne  (1852) 
have  been  the  chief  historical  workers  that  have  fashioned  the  present- 
day  concept. 

As  was  true  for  paresis,  so  also  for  tabes,  the  debate  as  to  the  syphilitic 
etiology  was  protracted  and  fiery,  but  the  serocytological  work  of 
VOL.  n — 24 


370       SYPHILITIC  DISEASES  OF  THE  NERVOUS  SYSTEM 


Wassermann,  Plant,  Nonne,  and  the  researches  of  Alzheimer,  Schafl'cr, 
Nageotte,  and  Noguchi's  finding  of  the  spirochete  have  left  little  room 
for  doubt.  Pseudotabetic  pictures,  due  to  injury,  various  toxemias 
(alcohol,  beriberi,  pellagra,  diabetes,  etc.),  are  met  with  not  infre- 
quently. These  should  not  be  confused  with  syphilitic  tabes,  although 
there  are  often  striking  clinical  resemblences. 

The  question  as  to  the  ultimate  reason  why  one  syphilitic  individual 
develops  tabes  and  ninety-nine  do  not  is  yet  unsolved.  Those  interested 
will  find  much  discussion  of  this  in  the  literature  already  quoted. 
Abiatrophy,  exhaustion,  embryonal  defect,  and  reduced  resistance  all 
beg  the  question  while  offering  much  of  speculative  interest. 

The  long  list  of  causes,  heat,  cold,  exposure,  etc.,  one  or  all,  without 
syphilis  are  unavailing;  with  syphilis  of  what  logical  use  are  they? 

The  symptoms  come  on  from  ten  to  twenty  years  after  infection 
on  the  average.  Extremes  are  from  four  to  thirty-five  years.  The 
usual  ages  for  infection  vary  from  twenty  to  forty  years.  Extremes 
of  fifteen  to  seventy  years  are  recorded.  Certain  races  with  high 
syphilitic  percentage  are  practically  immune  to  tabes;  certain  syphilitic 
prostitutes  have  been  known  to  have  tabes  follow  in  their  wake  in  high 
percentages  of  their  victims. 

These  facts  with  others,  especially  those  coming  from  the  biological 
tests,  the  comparative  studies  of  Spielmeyer  on  sleeping  sickness, 
all  serve  to  sharpen  interest  in  the  search  for  causes  for  variation  in 
the  virulence  of  certain  strains  of  the  organism,  as  well  as  to  call  atten- 
tion to  factors  of  individual  resistance.  Therapy  must  consider  both 
of  these  factors  very  intimately.  The  early  formula  expressing  these 
facts  were:  Tabes  equals  the  measure  of  the  attack  modified  by  the 
resistance.    Strumpell's  more  extended  formula  is: 

Tabes  =  ^^P^'^^     accessory  aids 
Resistance,  more  or  less  " 

That  such  a  formula  is  very  elementary  is  evident. 

Symptomatology. — A  complete  presentation  of  the  symptoms  of 
tabes  cannot  be  attempted  here.  Rarely  do  two  patients  with  tabes 
present  identical  developments,  yet  there  is  a  general  trend  which 
allows  a  certain  schematization. 

Pains  and  Crises. — In  nearly  GO  per  cent,  neuralgia-like  pains  are 
the  forerunners.  These  are  rarely  recognized  as  tabetic  in  the  early 
stages,  but  are  looked  upon  by  the  patient  as  "rheumatism,"  and  often 
so  treated  for  years.  In  these  early  stages,  long  before  the  other 
symptoms  develop — as  many  as  ten  years  it  may  be — cytological  tests 
will  reveal  them  to  be  tabetic. 

Then  develop,  in  irregular  sequence  and  in  varying  degrees,  ocular 
palsies,  Argyll-Robertson  pupil,  hypotonia,  ataxias  of  lower  and  upper 
extremities,  optic  atrophy,  lost  knee-jerks,  lost  Achilles-jerks,  incon- 
tinence of  urine,  and  trophic  changes  in  the  joints.  A  so-called  classical 
case  will  show  all  of  these — yet  tabes  may  be  present  with  only  one  or 
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more  symptoms,  if  the  biological  tests  are  positive.  A  brief  summary 
of  these  symptoms,  viewed  individual^',  is  of  service. 

Pains  are  present,  at  one  time  or  other,  in  fully  90  per  cent,  of  the 
patients.  They  are  an  index,  as  a  rule,  of  the  leptomeningitic  or 
radicular  inflammatory  changes  in  and  about  the  posterior  roots.  In 
GO  per  cent,  of  the  patients  these  neuralgic  pains  are  initial.  They  have 
been  known  to  precede  the  development  of  other  tabetic  signs  by  twenty- 
two  years,  yet  the  average  is  about  four  years.  They  are  most  frequent 
in  the  sciatic  region,  in  the  leg  and  ankles,  but  any  region  of  the  body 
may  be  chosen  from  the  upper  cranial  nerves  to  the  lowest  sacral 
plexuses.  When  extremely  severe  and  located  in  a  complex  organ 
they  constitute  the  crises.  These  pains  or  crises  may  occur  in  the 
trigeminal,  in  the  larynx  (laryngeal  crises  with  dyspnea),  or  eso- 
phageal crises  with  choking.  An  olfactory  localization  may  occasion 
a  persistent  sneezing,  and  a  cochlear  or  labyrinthine  origin  cause  ear- 
ache, deafness,  dizziness,  or  irregular  IMeniere  syndromes  with  nausea, 
vomiting,  nystagmus,  and  dizziness.  The  heart  may  show  irregularities 
in  force  and  frequency.  Breathing,  respiratory  crises  are  known. 
Gastric  pains  and  crises  are  classical  and  were  described  among  the 
earlier  symptoms  by  Gull  in  1856.  Intestinal  colics  with  diarrhea; 
rectal  pain  with  tenesmus;  vesical  or  urethral  pain  with  strangury; 
renal  colic;  ovarian  or  vulvovaginal  crises;  these  all  may  be 
encountered. 

The  pains  are  characterized  by  their  sharp,  transitory  nature.  The 
patients  feel  acute,  stabbing,  or  darting  pains,  at  first  lasting  a  few 
seconds  or  minutes,  later  often  lasting  for  hours  or  days.  These  dis- 
appear as  rapidly  as  they  came,  to  recur  at  irregular  intervals,  usually 
lasting  longer,  and  recurring  more  frequently,  causing  soreness  and 
great  prostration  as  the  process  advances.  In  some  a  few  attacks  a 
year  are  noted,  in  others  much  oftener.  Indulgence  in  alcohol,  exposure 
to  fatigue,  strain,  or  cold  and  wet  may  provoke  or  coincide  with  an 
attack. 

The  patient  is  rendered  helpless  as  a  rule  and  gets  to  dread  the  pains. 
Some  patients  have  committed  suicide  in  order  to  escape  them.  Others 
develop  morphinism,  and  abstinence  pains  then  complicate  the  tabetic 
pains.  In  later  years  there  is  a  tendency  for  the  pains  to  abate,  but  there 
is  more  uncertainty  than  certainty  in  this. 

With  pains  and  crises  hj'peresthesia  is  frequent.  Anesthetic  spots 
or  bands,  girdle  sensations,  irregular  and  anomalous  losses  of  bony 
sensibility,  of  position  sense,  of  thermal  sensibility  develop  in  a  fair 
proportion  of  the  cases. 

Reflex  Disturbances. — Reflex  disturbances  follow  when  the  pathways 
conveying  muscle  sense  are  involved.  These  show  in  a  diminution 
or  loss  of  the  knee-jerk,  or  the  Achilles-jerk,  the  latter  being  more 
often  lost  than  the  former. 

When  the  pathways  conveying  joint  sensibility,  muscle  sensibility 
I'dcep  sensibility)  are  involved  there  follows  a  greater  or  less  amount 
of  ataxia.   This  is  usually  demonstrated  in  the  Romberg  sign,  or  by 
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the  gait  which  becomes  uncertain;  the  legs  are  spread  more  widel> 
apart,  and  perform  exaggerated  motions — being  Hfted  higher  anc 
coming  down  witli  greater  violence. 

This  tabetic  ataxia  is  rendered  worse  when  the  eyes  are  closed,  o 
when  the  patient  goes  about  in  the  dark,  as  then  the  accessory  aid 
to  distance  estimation  are  withdrawn.  On  the  contrary,  it  is  to  b* 
noted  that  many  tabetics  with  optic  atrophy  show  little  or  no  ataxia 
and  that  many  ataxias  are  improved  with  oncoming  blindness.  Thes( 
anomalous  situations  suggest  some  valuable  points  in  therapy.  T( 
simply  explain  them  as  cervical  tabes,  or  as  receding  root  invoh'emen 
renders  one  blind  to  the  possibilities  of  training  by  other  method 
than  those  of  Frenkel,  heretofore  exclusively  emplo}'ed. 

Ataxias  may  show  in  a  number  of  muscles  other  than  those  use( 
in  walking  or  grasping. 

Cranial  Nerve  Involvements. — Cranial  nerve  involvements  are  fre 
quent  in  tabes.  Any  may  be  looked  for  but  the  most  frequent  are  presen 
in  the  pupillary  reflexes.  These  pupillary  anomalies  are  present  ii 
at  least  75  per  cent,  of  the  cases.  They  may  be  simple  inequalitie 
in  the  pupil,  or  irregularity  in  the  outlines,  but  the  most  frequent  i: 
the  Argyll-Robertson  pupil  in  one  or  both  pupils — namely,  loss  of  th( 
light  reflex,  with  preservation  of  that  of  accommodation.  This  pupillan 
anomaly  is  discussed  in  the  general  section  on  diagnosis  of  cerebra 
syphilis  and  need  not  be  entered  into  more  at  length  here. 

Ocular  palsies,  particularly  unilateral  ptosis,  and  strabismus  ar( 
frequent;  the  third,  fourth,  and  sixth  nerves  being  involved  alone 
in  combination,  or  in  irregular  medleys.  Facial  palsy  may  be  present 
Bonnier's  syndrome,  irregular  nystagmus,  nausea,  vomiting,  INIeniere'; 
syndrome,  are  expressions  of  the  involvement  of  the  vestibular  paths 
Vagus,  glossopharyngeal,  or  hypoglossus  involvement  cause  irregula: 
heart  action,  taste  disturbances,  or  bulbar  ataxias  or  palsies. 

Vesical  Disturbances.— Vesical  disturbances  are  frequent,  especially 
weakness.  Cystitis  is  a  not  uncommon  complicating  factor.  Impo 
tence  is  usual. 

Trophic  Changes. — Trophic  changes  in  any  joint  are  to  be  looked  fo: 
— the  knee,  ankle,  and  wrist  are  those  most  often  found.  Arthropathie 
of  the  ribs,  jaw,  or  other  joints  are  infrequent.  Fragility  is  a  frequeni 
accompaniment,  and  breaking  a  bone  is  not  infrequent  in  tabes.  Cer- 
tain patients  have  had  attention  first  called  to  a  tabes  by  such  ai 
occurrence. 

Muscular  atrophies  are  also  to  be  observed. 

Psychic  Disturbances. — Psychic  disturbances  difi'erent  from  thos( 
of  paresis  may  occur  in  tabes.  These  are  discussed  in  a  section  oi 
tabetic  psychoses  (p.  408). 

Course  and  Progress. — Duchenne  (1858)  first  gave  the  outlines  o 
the  traditional  course  of  the  disease.  It  consisted  of  a  prodromal  oi 
preataxic,  an  ataxic,  and  a  paralytic  stage.  Such  a  scheme  is  of  purely 
arbitrary  value,  even  if  not  an  unusual  one.  Tabes  may  develop  ir 
so  many  different  ways  that  no  law  is  absolutely  valid.    Enough  may 
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be  said  to  indicate  that  a  patient  may  have  tabes  and  yet  not  have  a 
single  so-called  neurolofj;ical  sign — his  cytobiological  reactions  show 
him  to  be  a  candidate  for  tabes.  Some  patients  begin  with  an  acute 
ataxic  course — others  with  an  arthropathy,  others  with  a  psychosis. 
Neurology  is  not  yet  in  a  position  to  state  how  valid,  "statistically," 
Duchenne's  law  is.   Yet  for  general  purposes  it  is  helpful. 

Prognosis. — In  general  this  is  sinister,  yet  not  as  hopeless  as  is 
usually  thought.  Some  patients  recover  to  a  certain  degree.  It  cannot 
be  stated  that  they  get  absolutely  well — especially  not  if  the  disease 
has  gone  on  for  years  and  destructive  changes  are  demonstrable  by 
examination.  As  will  be  discussed  later,  the  therapy  should  begin 
early,  and  it  is  not  too  much  to  express  the  hope  that,  with  means  at 
hand  to  make  much  earlier  diagnoses,  much  better  results,  especially 
so  far  as  hindering  the  progress  of  the  process  is  concerned,  may  be 
expected. 

Fig.  22 


' Spinal.  Cord 


Nageotte's  scheme  representing  the  chief  lesion  of  tabes  in  the  posterior  root  zone. 

The  Treatment  of  Tabetic  Pains  and  Crises.— Since  both  the  pains 
and  crises  are  practically  identical  phenomena,  varying  quantitatively 
only,  or  from  the  standpoint  of  localization,  they  will  be  considered 
at  the  same  time. 

It  has  been  indicated,  in  the  previous  discussion,  that  the  radicular 
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hypothesis  offers  the  best  mode  of  approach  to  the  problem  of  the 
treatment  of  this  series  of  phenomena. 

This  general  hypothesis  may  be  diagrammatic-ally  illustrated  by  the 
figure  taken  from  Nageotte.  Here  one  assumes  a  neuritic  process  in 
the  posterior  root  area.  Such  may  arise  from  the  pressure  of  a  meningeal 
exudate  about  the  roots,  or  from  an  endoneural  inflammatory  or  toxic 
activity,  or  there  may  be  other  unknown  or  unappreciated  factors, 
and  those  just  referred  to  may  operate  alone  or  in  combination.  The 
end  result  is  interpreted  as  a  radiculitis,  and  the  chief  accompanying 
event  in  consciousness  is  pain. 

It  therefore  becomes  important  in  all  patients  suffering  from  tabetic 
pains  or  crises  to  endeavor  accurately  to  localize  the  root  areas  in\'ol\'ed. 
Such  an  examination  entails  the  following  out  of  a  prescribed  scheme 
such  as  that  outlined  by  the  researches  of  Head  and  Holmes.  The 
topography  of  the  involved  roots  should  be  charted,  as  they  will  prove 
of  service  in  determining  whether  treatment  is  accompanied  by  advances 
or  by  regression  in  the  affected  areas  (Forster,  Gulicke,  Singer). 

It  will  be  recalled  that  heretofore  there  has  been  a  marked  skepticism 
regarding  the  fate  of  the  tabetic  and  his  pains.  Such  a  therapeutic 
nihilistic  standpoint  is  fortunately  being  receded  from  by  most  present- 
day  observers.  Positive  results  are  being  obtained,  and  the  uselessness 
of  the  nihilistic  point  of  view  is  being  appreciated,  even  if  only  as  a 
metapsychological  problem. 

Importance  of  Early  Treatment. — The  newly  acquired  facts  concerning 
the  etiology,  the  pathological  processes,  and  the  localization  of  these 
processes,  emphasize  the  importance  of  early  treatment..  This  naturally 
can  be  furthered  by  an  earlier  recognition  of  the  character  of  pains 
which  are  of  tabetic  rather  than  of  so-called  rheumatic,  gastric,  vesical, 
urethral,  renal,  autotoxemic  or  other  hazy  origins.  Enough  has  been 
said  to  emphasize  the  diagnosis,  and  especially  the  aids  from  cyto- 
biological  findings. 

This  newly  gained  optimism,  however,  needs  to  be  tempered  with 
humility,  for  with  each  new  advance  one  sees  new  avenues  opened  that 
are  in  need  of  investigation.  In  practical  every-day  work  it  would 
appear  that  the  situation  is  hopeless,  but  it  is  not,  and  the  physician 
treating  a  patient  with  tabes  needs  a  constant  store  of  energy  to  support 
his  own,  and  his  patient's,  at  times  flickering,  hopes. 

Should  one  view  the  entire  tabetic  picture  as  a  whole,  and  should 
one  have  in  mind  absolute  cure  alone  as  the  only  therapeutic  goal, 
it  would  appear  that  such  hopes  must  be  very  meager,  but  if  one 
directs  one's  attention  to  particular  symptoms,  or  is  satisfied  when 
an  arrest  of  progress  can  be  brought  about,  then  the  situation  lightens 
up  considerably.  This  is  particularly  true  if  one  is  fortunate  in  obtain- 
ing a  very  early  notion  of  what  is  going  on  in  the  nervous  system  of  a 
potential  tabetic. 

This  situation  is  in  need  of  restating,  since  it  is  almost  the  daily 
experience  of  the  neurologist  to  find  trigeminal  tabes  treated  for  months 
or  years  as  malarial,  Gasserian  tumor,  autotoxemic,  etc.;  laryngeal 
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and  esopliageal  tabetic  pains,  as  hysteria,  and  under  various  neurotic 
guises;  gastric  pains  and  crises  as  periodic  gastritis,  cyclical  vomiting, 
hyperchlorhydria,  and  some  score  of  other  designations;  visceral  crises, 
rectal  and  bladder  crises  under  many  misappropriate  conceptions  as 
well.  The  numerous  fruitless  operations  which  have  been  performed 
upon  tabetic  patients  must  be  interpreted  as  a  part  of  the  suffering 
necessarily  inflicted  in  the  conquest  of  knowledge — before  the  cytological 
findings  were  known  there  were  no  certain  or  probable  guides  that 
could  help  the  profession  to  avoid  such  pitfalls — now  there  is  little 
excuse  for  them. 

Prophylaxis  of  Tabes. — Inasmuch  as  the  treatment  of  tabetic  pains 
is  for  the  most  part  the  treatment  of  tabes  in  the  early  stages,  a  few 
suggestions  may  be  pertinent  relative  to  the  prophylaxis  of  tabes 
itself.  As  to  the  general  prophylaxis  of  syphilis,  some  general  remarks 
have  already  been  made. 

The  formula  of  Striimpell  has  already  been  quoted.  Tabes  equals 
syphilis,  plus  certain  accessory  factors  on  the  one  hand  in  contest 
with  the  greater  or  less  resistance  of  the  patient  on  the  other.  In  this 
formula  only  one  fact,  i.  e.,  syphilis,  is  at  all  definite — even  this,  when 
one  bears  in  mind  that  a  microorganism  varies  greatly  as  to  inherent 
factors  of  activity,  toxicity,  etc.,  is  not  as  clear  as  one  would  like  it. 

Accessory  Factor  in  Development  of  Tabes. — Alcoholism. — What  are 
the  accessory  factors?  Here  one  is  largely  in  the  field  of  speculation. 
Alcoholism  at  one  time  was  made  entirely  responsible  as  the  accessory 
aid.  Alcohol  has,  as  is  well  known,  an  almost  specific  action  upon 
the  lipoid  substances  of  the  body,  in  which  substances  the  nervous 
tissues  are  particularly  rich. 

Most  degenerative  or  catabolic  activities  of  cell  life  seem  to  be 
associated  with  lipoid  modification.  Expressed  in  more  universally 
understood  terms,  one  states  that  alcohol  induces  a  diminished  resist- 
ance, because  it  causes  neuritic  changes,  particularly  on  the  sensory 
neurone  side,  and  the  syphilitic  plus  alcohoHc  toxic  factors  determine 
that  the  sensory  neural  elements  shall  be  the  special  ones  to  break 
down. 

Such  an  argument  contains  truth — hence,  syphilitics  should  be  total 
abstainers.  There  is  abundant  evidence  from  the  work  of  Kraepelin 
and  his  students  to  show  that  the  sensory  side  of  the  neural  mechanism 
is  extremely  sensitive  to  even  the  smallest  doses  of  alcohol.  Hence, 
one  must  be  uncompromising  in  one's  attitude  on  the  subject  of  alcohol 
in  an  infected  person,  at  least  until  further  light  will  show  that  alcohol 
has  no  action  upon  those  neurones  which  have  been  demonstrated  to 
bear  the  brunt  in  the  tabetic  process. 

Other  Toxic  Agents. — Alcohol  serves  as  the  symbol  for  a  grou])  of 
toxic  agents  and  any  belonging  to  this  group  should  be  excluded  as  far 
as  pos.sible.  Many  of  the  sleep-producing  drugs  contain  the  alcohol 
radical,  and  it  is  not  unreasonable  to  limit  their  use  in  syphilitics. 

Tea,  coffee,  and  tobacco  have  not  been  proved  as  yet  to  have  the 
same  specific  action  on  the  sensory  neurone,  and  up  to  the  present  time 


37G      SYPHILITIC  DISEASES  OF  THE  NERVOUS  SYSTEM 


there  is  no  rational  proof  that  they  can  be  said  to  provide  accessory 
factors  when  used  in  moderation.  When  used  in  excess  their  effects  must 
be  made  the  standard  as  to  one's  judgment  whether  they  diminish 
tlie  resistance  factors  of  the  human  body  or  not. 

Other  special  toxic  substances  must  be  avoided.  Thus  a  syphilitic 
exposed  to  lead,  to  arsenic,  to  any  poison  known  to  affect  the  sensory 
neurones  in  a  manner  analogous  to  alcohol,  should  be  taught  to  avoid 
certain  definite  trades,  occupations,  etc.  Such  details  should  be 
distinctly  laid  down  and  should  be  founded  on  precise  information — 
such  as  may  be  obtained  here  in  this  treatise  in  the  chapters  on  Alco- 
holism, Dangerous  Trades,  etc.  One  is  not  privileged  to  give  the  patient 
an  indefinite  scare,  as  it  is  likely  to  result  in  inculcating  a  phobia  in  the 
syphilitic  mind. 

At  the  same  time  it  must  be  borne  in  mind  that  one  can  strain  at 
gnats  and  swallow  camels,  and  tabes  and  paresis  only  occur  in  about 
2  per  cent,  of  syphilitics — at  the  present  stage  of  statistical  inquiry; 
but  tabes  and  paresis,  it  may  be  parentheticall}^  remarked,  are  not  the 
only  post-s3^philitic  nervous  results. 

At  the  present  time,  little  definite  is  known  relative  to  other  toxic 
accessory  factors,  and  one  must  be  on  one's  guard  against  admitting 
hazy,  indefinite  notions  regarding  auto-intoxications.  Diabetes  is 
one  in  which  the  very  situation — i.  e.,  sensory  neurone  poisoning — is 
an  ever  present  factor,  hence,  a  careful  clinical  control  of  the  sugar 
metabolism  would  logically  be  reasonable.  The  advances  made  in 
biochemistry  within  recent  years  are  pertinent  in  this  connection, 
and  may  reveal  other  auto-intoxications  as  definite  as  diabetes.  At 
present,  however,  such  other  auto-intoxications  are  nebulous.  (See 
Dakin,  Oxidations  and  Reductions  in  the  Animal  Body — Loeb 
Mechanistic  Conception  of  Life — Die  Indicanuria.) 

Secondary  Infections. — Other  possible  auxiliary  factors  are  secondary 
infections.  Much  speculation  has  been  made  in  running  these  to  earth, 
but  as  ,yet  with  no  definite  success.  The  most  recent  of  these  is  the 
Bacillus  paralyticans  of  Ford  Robertson.  From  all  that  can  be  gathered 
at  the  present  time,  this  bacillus  is  a  universally  distributed  laboratory 
saprophyte.  The  evidence  is  as  j'"et  very  inconclusive  as  to  its  having 
anything  to  do  with  paresis  or  tabes. 

From  what  has  been  said  relative  to  the  similarity  in  tx^Des  of  in- 
flammatory products  found  in  syphilitic  meningitis,  in  cerebrospinal 
syphilis,  in  tabes,  and  in  paresis,  it  hardly  seems  necessary  to  invoke 
any  accessory  bacterial  agent. 

As  to  the  factor  of  resistance  in  the  Striimpell  formula,  much  might 
be  written,  but  it  is  all  very  indefinite.  The  accessory  factors  all  men- 
tioned might  also  extend  their  influence  into  this  field,  since  toxic 
agents  in  general  may  be  said  to  lower  the  resistance  of  the  body  to 
other  toxic  factors — i.  e.,  to  the  syphilis  toxin. 

Sexual  Excesses. — It  has  been  taught  for  ages  that  sexual  excesses 
were  causes  for  tabes  and  paresis.  The  origins  for  this  belief  are  in 
part  made  plain  by  the  early  meam'ngs  attached  to  the  word  tabes 


I 


TABES 


377 


dorsalis.  Naturally,  in  a  day  when  a  chronic  gonorrhea  was  called  tabes 
dorsalis,  sexual  factors  would  be  held  to  play  a  large  role.    When  the 
j  relationship  of  sexual  contacts  and  syphilitic  infection  became  appre- 
i  dated,  then  the  same  idea— somewhat  modified — was  reinforced, 
i  But  logically  of  course,  there  is  no  relation  between  what  properly 
J  is  meant  by  sexual  excesses  and  syphilis — ergo  not  with  tabes.    In  a 
much  later  form  the  idea  was  transformed  as  follows:  that  the  drain 
of  much  sexual  intercourse  can  produce  an  actual  degeneration  of  the 
spinal  cord  and  cause  the  tabetic  lesion.    Pathology  teaches  that  this 
is  nonsense.  Is  there  still  any  truth  in  the  notion  that  the  fatigue  of  so- 
called  excessive  sensuality  can  reduce  the  resistance  of  the  cord  to  the 
toxin,  and  thus  determine  that  particular  development  known  as  tabes. 
This  also  seems  foolish  in  view  of  the  knowledge  that  the  chief  lesion 
is  a  productive,  infiltrative,  meningeal  inflammation  about  the  roots  of 
the  sensory  nerves.  One  can  therefore  eliminate  that  widespread  teach- 
ing of  several  generations  that  various  forms  of  modified  sexual  inter- 
course—fellatio, bestiality,  cunni  linguis,  etc.— are  responsible  for  tabes. 

This  latter  notion  is  still  widespread  among  the  demi-mondaine  and 
its  devotees.  It  receives  official  sanction  in  many  modern  works  on 
neurology  and  psychiatry,  but,  as  may  be  gathered,  it  is  one  of  the 
relics  of  the  past,  which  contains  psychological  truth  if  not  actual  truth. 
The  psychological  truth  is  that  venery  is  more  apt  to  bring  about 
syphilis,  and  s^'philis  has  tabes  as  one  of  its  aftermaths,  but  that 
venery  itself  should  have  the  aftermath  is  not  true. 

Cold,  Wet,  and  Exposure. — Cold,  wet,  and  exposure  are  frequentl}'^ 
invoked  as  agents  contributing  to  the  lessened  resistance.  They  have 
nothing  to  do  with  tabes  per  se.  In  the  presence  of  syphilis  the  role 
is  very  problematical.  It  is  true  that  excessive  marching  may  by  its 
great  fatigue  bring  an  unsuspected  tabes  to  the  fore— just  as  an  un- 
expected tabes  may  reveal  itself  in  a  sudden  and  apparently  mysterious 
breaking  of  a  bone;  excessive  exercise  then  acts  to  force  a  syndrome 
into  recognition;  it  does  not  cause  it. 

Trauma. — Advocates  for  a  traumatic  origin  for  tabes  may  still  be 
found,  although  it  seems  less  and  less  likely  with  every  advance  in 
the  pathology  of  the  disease.  Kurt  Mendel,  in  a  recent  monograph 
(1910),  discusses  11  cases  in  detail,  while  F.  Schultze,  in  an  analysis 
of  161  cases  of  tabes,  discusses  the  possibility  in  8.  It  is  not  unlikely 
that  the  acident  and  the  tabes  were  coincidental.  As  to  a  further  pos- 
sibility, whether  in  a  syphilitic  a  severe  accident  to  the  spine  can  deter- 
mine the  localization  of  a  meningeal,  inflammatory  process,  which  in 
turn  will  bring  about  a  tabes;  this  may  be  conceived  in  a  positive 
sense  when  the  trauma  is  evident  and  direct.  It  seems  to  have  been 
established  that  so  far  as  syphilis  of  the  bones  is  concerned,  and  also 
for  the  localization  of  cerebral  gummata,  a  traumatic  experience  may 
play  some  localizing  role.  Cerebral  gummata,  dural  and  osseus,  are 
not  infrequently  found  to  develop  at  the  site  of  a  traumatic  lesion. 
Possibly  the  same  may  be  true  for  the  meningeal  precursors  of  a  tabes. 
After  a  tabetic  process  has  been  in  progress,  even  if  little  apparent 
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to  the  patient,  will  trauma  cause  the  process  to  advance  more  rapidly 
than  it  would  without  the  trauma?  In  other  words,  is  a  tabes  made  worse 
by  a  trauma?  Experience  has  answered  this  question  in  dilferent  ways. 
A  reference  to  the  section  on  the  course  of  the  disorder  will  show  that 
no  two  cases  ever  develop  in  precisely  the  same  manner.  In  some  the 
progress  is  rapid  and  stormy;  in  others  very  insidious  and  long  drawn  out. 
No  definite  rule  exists.  It  seems  certain,  for  instance,  that  a  blow  on 
the  abdomen  has  nothing  to  do  with  the  development  of  a  gastric 
crisis,  nor  a  blow  on  the  head  with  an  optic  atrophy.  Furthermore, 
experience  has  repeatedly  shown  that  one  of  the  worst  things  for  a 
tabetic,  i.  e.,  particularly  so  far  as  his  ataxia  is  concerned — is  rest  in 
bed.  If  this  absolute  quiet  is,  other  things  being  equal,  bad,  it  is 
difficult  to  grasp  that  a  trauma  can  be  a  deleterious  agent. 

From  the  medico-legal  point  of  view  it  is  worthy  of  note  that  most 
accidents  in  question  are  the  result  of  an  already  existing  tabes, 
rather  than  the  tabes  being  the  result  of  the  accident. 

The  whole  question  of  whether  a  tabes  is  rendered  worse  by  an  acci- 
dent can  be  answered  only  after  a  careful  series  of  cytological  studies 
of  the  cerebrospinal  fluid  have  been  made.  At  the  present  time  it 
would  appear  that  the  activity  of  a  syphilitic  (tabetic,  paretic)  process 
may  be  more  or  less  accurately  estimated  by  the  number  of  cells  in 
the  cerebrospinal  fluid;  higher  counts  indicating  greater  activity, 
lower  counts  diminished  activity.  In  this  way  one  may  hope  that  the 
results  of  therapy  may  be  controlled  in  a  measure.  So,  also,  the  effects 
of  trauma  may  be  estimated.  When  a  sufficiently  large  number  of 
tabetic  cases,  before  and  after  trauma,  have  been  studied  from  this 
point  of  view,  then  and  then  only  from  our  present-day  knowledge 
can  one  state  anything  positive  relative  to  the  disadvantageous  effects 
of  trauma  in  tabes.    No  such  studies  are  as  yet  available. 

A  correct  estimation  of  the  psychogenic  element  of  financial  hopes,  of 
revenge,  in  making  tabes  worse  after  a  trauma,  especially  in  a  litigated 
case,  opens  up  another  and  extremely  important  subject.  Although 
this  aspect  of  the  tabetic  situation  does  not  properly  belong  to  a  dis- 
cussion on  the  factors  of  lowered  resistance,  yet  it  may  be  disposed  of 
as  well  here  as  anywhere  else. 

In  medico-legal  interests  the  tabes  and  trauma  question  is  an  active 
one.  Enough  has  been  said  to  show  that  it  is  solely  with  this  ques- 
tion of  a  tabes  being  made  worse  that  discussion  is  pertinent.  In 
litigated  cases  one  rarely  has  an  opportunity  of  estimating  how  badly 
off  the  patient  was  prior  to  the  accident.  Even  assuming  an  honest 
belief  on  the  part  of  a  patient  that  he  was  not  sick,  or  not  sensibly 
inconvenienced  by  his  malady,  if  he  knew  he  had  it,  there  are  no  known 
means  of  registering  the  grade  of  his  incapacity  previous  to  his  accident, 
nor — it  must  be  said — any  certain  rules  to  determine  how  badly  off 
the  accident  has  made  him. 

In  estimating  the  psychic  effect  of  shock  one  can  only  put  forward 
a  personal  opinion.  It  is  not  a  negligible  factor.  The  shock  of  an 
accident  may  have  no  appreciable  eft'ect  upon  the  syphilitic  process 
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per  se — concerning  this,  as  stated,  there  are  no  available  data,  but 
there  is  little  question  that,  litigation  or  no  litigation,  severe  shock 
may  bring  about  a  xery  unfortunate  mental  attitude  which  incapaci- 
tates the  patient  very  considerably,  and  usually  for  some  time.  In 
the  presence  of  litigation  such  inability  is  invariably  exaggerated,  but 
such  an  exaggeration  does  not  spring  entirely  from  a  false  foundation. 
The  instincts  of  self-protection  will  grasp  every  opportunity  for  further- 
ing their  cause,  consciously  as  well  as  unconsciously.  It  therefore 
becomes  extremely  difficult  to  put  an  accurate  measure  upon  the  exact 
state  of  the  disability,  and  a  just  judgment  can  only  be  arrived  at  by 
a  careful  review  of  the  entire  question. 

It  should  be  taken  for  granted  that  (a)  an  accident  cannot  cause  a 
true  tabes.  Certain  rare  crushing  lesions  of  the  posterior  columns 
and  posterior  roots  may  cause  pseudotabic  syndromes.  A  cytological 
test  will  decide  the  nature  of  the  process:  (6)  It  is  very  frequent  that 
the  slight  beginning  disability  of  the  tabetic  is  the  real  cause  for  accidents 
of  a  certain  nature  to  occur  to  him:  (c)  Accidents  of  a  mild  grade  are 
of  minor  importance  in  causing  any  sudden  access  of  the  disease  and 
consequent  disability:  (d)  Severe  accident,  largely  by  reason  of  the 
mental  features,  often  causes  severe  grades  of  disability.  A  proper 
valuing  of  the  effect  of  the  accident  is  best  brought  about  by  considering 
it  from  the  mental  rather  than  fron  the  neurological  side.  In  spite 
of  necessary  aggravation,  exaggeration,  etc.,  a  tabetic — other  things 
being  equal — is  less  able  to  stand  the  mental  (moral)  effects  of  an 
accident.  In  this  sense  the  tabes  reduces  his  resistance  to  the  trauma — 
not  the  trauma  to  the  tabes. 

Edinger's  Views  on  Develoymeni  of  Tabes. — Before  closing  the  section 
on  secondary  factors,  a  word  relative  to  Edinger's  point  of  view  of 
the  development  of  tabes.  His  general  thesis  involves  the  conception 
of  a  specific  energy.  The  different  cells  of  the  body  are  in  a  position  of 
equilibrium;  if  the  function  of  one  is  disturbed,  it  affects  all.  Should 
a  cell  or  group  of  cells  become  w^eaker,  then  the  neighboring  cell  or 
cells  of  relatively  related  function  must  take  up  their  task,  or  if  a  cer- 
tain series  of  functions  are  called  upon  continuously,  then  the  nerve 
paths  utilized  in  the  activity  of  these  functions  fatigue  or  are  used  up. 
The  so-called  occupation  neuroses  offer  to  Edinger  examples  of  his 
general  hypothesis. 

When  a  chronic  poisoning  enters  into  the  situation,  the  same  rule 
applies.  The  functional  apparatus  of  maintaining  one's  equilibrium 
is  constantly  operative  so  long  as  one  is  standing,  sitting,  or  walking, 
even  to  a  certain  extent  in  reclining,  or  even  sleeping.  It  is  because 
of  the  constant  use  to  which  the  sensory  pathways  underlying  coordina- 
tion are  put  that  Edinger  assumes  they  are  used  up  in  the  presence  of 
a  chronic  syphilitic  toxemia. 

Edinger  supports  his  hypothesis  by  stating  that  such  syphilitic 
individuals  who  have  to  be  on  their  feet  continually — officers,  engineers, 
coachmen,  women  who  work  in  contrast  to  women  who  do  not — are 
more  often  tabetic,  and  Ijccause  of  the  overworked  coordination  paths. 
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A  number  of  interesting  illustrations  have  been  gathered  from  the 
literature  which  seem  to  lend  support  to  the  hypothesis.  Gastric 
crises  are  prominent  in  heavy  and  frequent  eaters;  clitoral  crises  in 
nymphomaniacal  women;  arthropathies  in  joints  damaged  in  early 
year;,  incontinence  in  one  with  previous  enuresis,  etc.  For  Edinger 
the  syndrome  exists  on  the  basis  of  the  toxin,  but  its  manifestations 
are  due  to  those  factors  which  would  induce  the  wearing  out  of  a 
particular  set  of  sensory  neurones. 

If  Edinger's  point  of  view  were  accepted  without  reservation,  much 
restriction  of  the  activity  of  a  syphilitic  individual  would  result,  with 
the  probable  development  of  a  tabophobia.  It  does  not  seem  worth 
while  in  the  present  uncertainty  of  our  knowledge  to  accept  the  thera- 
peutic implications  of  the  Edinger  hypothesis.  In  a  statistical  review 
of  some  three  hundred  cases  of  tabes,  I  can  recall  only  one  among 
sailors.  Syphilis  is  very  common  among  this  class;  the  coordination 
fiber  tracts  are  usually  very  busy  on  the  ocean:  this  one  particular 
sailor — or  sailor  cook — had  an  arthropathy,  and  other  tabetic  signs, 
but  had  never  developed  any  ataxia.  This  is  not  the  place  to  thresh 
out  the  worth  of  the  Edinger  hypothesis.  Reference  is  made  to  it  as 
not  yet  being  sufficiently  proved  to  found  a  prophylactic  theory  for 
tabes  in  a  syphilitic.  If  a  fairly  reasonable  relation  between  occupation 
and  the  outbreak  of  tabes  could  be  established,  it  would  be  highly 
desirable  to  know  it,  and  be  guided  therapeuticall3^ 

Almost  the  only  definite  hint  is  obtained  from  a  study  of  certain 
native  Arabian  tribes  of  Africa.  Here  the  researches  of  Rudin  have 
shown  that  the  syphilitic  incidence  is  extremely  high — 75  per  cent, 
of  the  population  being  syphilitic — yet  tabes,  as  well  as  paresis,  seems 
to  be  almost  unknown.  These  Mohammedans  lead  a  nomadic  agricul- 
tural life.  Syphilis  of  the  skin  and  bones  is  frequent,  of  the  nervous 
system  rare.  Alcoholism  is  restricted.  The  inference  would  seem  to  be 
that  in  order  to  avoid  tabes  one  might  lead  the  outdoor  life  and  remain 
abstinent — but  Rudin  thinks  that  this  has  nothing  to  do  with  it.  The 
whole  problem  is  one  of  civilization,  and  the  demands  of  modern 
social  adaptation. 

Direct  Treatment  of  Pains. — This  may  be  symptomatic  or  specific. 
We  shall  here  consider  the  symptomatic  treatment  first  because  the 
patient  demands  instant  relief,  and  specific  therapy  is  slower — if 
efficient.  Moreover,  the  treatment  of  the  tabes  as  syphilis  may  best 
be  considered  in  a  final  section  which  deals  en  masse  ^^^th  the  entire 
series  of  phenomena  collected  in  this  section. 

The  symptomatic  treatment  of  the  pains  may  be  comprised  under 
the  pharmacal,  general,  and  surgical  heads.  It  is  to  be  emphasized 
that  the  means  here  spoken  of  have  little  or  nothing  to  do  with  the 
,  attack  upon  the  disease  process.  They  are  purely  palliative,  and  must 
not  be  used  to  the  exclusion  of  the  general  antisyphilitic  treatment  to 
be  discussed  later. 

Pharmacal  Therapy. — Various  analgesics  are  of  value  in  controlling 
the  pain  of  tabes.   The  diagnosis  once  made,  effort  should  be  made  to 
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raise  the  mental  resistance  of  the  patient  to  pain  in  general,  and  to 
avoid  morphine.  The  psychical  stipaulus  to  pain  bearing  is  of  great 
importance.  JNIany  tabetic  patients  becoming  fearful  of  the  continuous 
severe  pains,  become  great  cowards,  and  come  to  fear  even  the  thought 
of  pain.  They  lose  their  grit  and  resistance,  which  is  a  great  asset 
even  in  controverting  the  advance  of  the  disease  itself.  Once  embarked 
on  the  morphine  path,  the  downfall  is  usually  very  rapid,  and  hospital 
parasitism  is  the  result.  One  has  to  throw  a  great  deal  of  energy  into 
such  tabetic  patients  to  keep  them  out  of  the  moral  doldrums. 

When  considering  the  various  analgesics,  one  has  to  bear  in  mind  that 
great  variation  in  patients  is  usual,  hence  one  should  go  through  the 
list  systematically,  and  empirically  ascertain  which  combinations  have 
the  best  effect.  Then  when  this  is  found  it  may  be  recalled  that  it 
may  soon  lose  its  effect;  or  will  be  used  to  excess,  with  a  loss  of  that 
mental  resistance  so  important  to  cultivate  and  to  keep  up  to  pitch. 

Pyramidon,  antipyrine,  phenacetin,  aspirin  are  among  the  most  valu- 
able. These  can  be  used  alone,  or  better  in  combination.  These  are 
used  in  doses  of  from  5  to  10  grains  (0.3  to  0.6  gm.)  or  even  more  with 
severe  pains.  In  prescribing  mixtures  one  should  take  into  considera- 
tion the  rapidity  of  action  of  the  drug  (usually  due  to  rapid  solubility) 
with  early  relief,  with  its  protracted  action  (insolubility  and  slow 
excretion).  Other  analgesics,  such  as  lactophenin,  chinin,  trigemin, 
anesthesin,  analgen,  exalgen,  may  be  given  a  trial  and  the  results  care- 
fully checked  up.  Standard  works  on  pharmacology  will  give  the  needed 
information  regarding  solubility  and  dangers.  In  using  this  general 
group  of  analgesics  those  with  the  aniline  radical  are  usually  stronger 
analgesics,  but  they  have  a  disadvantage  in  reducing  the  oxidizing 
capacity  of  the  blood  and  hence  possess  danger  in  large  doses — causing 
cyanosis,  shortness  of  breath,  and  all  the  symptoms  of  diminished 
oxidation.  The  advantages  of  their  powerful  analgesic  action  must 
then  be  obtained  from  small  doses — rarel}^  over  5  grains — to  which 
other  analgesics  can  be  added  to  advantage,  thus  continuing  and 
prolonging  the  action.  Thus: 

— Pyramidon  gm.     0  3  gr.  v 

Aspirin  gm.     0  6  gr.  x 

Every  half -hour  for  3  powders;  repeat  in  three  hours. 

— Acetanilide  gm.     0  3  gr.  v 

Antipyrine  gm.     0j3  gr.  v 

Sodium  salicylate  gm.     113  gr.  xx 

1  powder  every  half-hour  for  3  powders;  repeat  in  three  hours. 


— Pyramidon  gm.  0 

Acetanilide  gm.  0 

Phenacetin  gm.  0 


2  gr.  iij 

2  gr.  iij 

6  gr.  X 


1  powder  every  half-hour  for  3  powders;  repeat  in  three  hours. 

— Pyramidon  gm.     0[3  gr.  v 

Phenacetin  gin.     0  6  gr.  x 

Pantopon  gm.     0  005  gr.  | 

1  powder  every  half-hour  for  3  powders;  repeat  in  three  hours. 
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Pantopon  should  be  used  only  occasionally,  or  its  place  taken  by 
codeine,  heroin,  dionin,  or  other  morphine  derivatives.  If  possible 
this  group  of  narcotics  should  be  avoided. 

Gastric  crises  may  require  morphine.  It  is  to  be  recalled  that  three 
types  of  crises  are  to  be  distinguished:  in  one  the  root  zones  of  the  upper 
dorsal  are  involved,  in  a  second  the  root  zones  are  the  lower  dorsal, 
while  in  a  third  the  pneumogastric  is  implicated.  In  the  latter  there  is 
active  nausea  and  vomiting,  but  little  pain. 

The  morphine  habit  can  be  engendered  in  these  gastric  cases,  but 
it  seems  less  likely  because  of  the  comparative  infrequency  of  the 
attacks.  The  analgesics  noted  may  be  employed.  It  is  more  or  less 
futile  to  apply  local  gastric  remedies.  The  trouble  is  not  in  the 
stomach,  it  is  in  the  dorsal  roots  of  the  sensory  nerves. 

Cracked  ice,  cocaine,  chloroform  solutions,  iodine,  cerium  oxalate, 
orexin,  have  all  been  recommended,  but  it  is  seriously  to  be  questioned 
if  any  action  upon  the  mucous  membranes  has  any  value.  Possibly 
cocaine-orexin  or  other  direct  sensory  narcotic  may  mitigate  the 
severity  of  the  pains,  but  it  does  not  appear  how,  in  view  of  our 
knowledge  concerning  the  pathology  of  the  pain.  The  general 
analgesics  mentioned  are  more  valuable;  they  may  have  to  be  given 
in  suppository  form,  and  then  must  be  given  in  larger  doses. 

Hyoscyamine,  a^onitine,  cannabis  indica,  atropine,  gelsemine,  may 
be  added  either  by  injection  or  by  suppository.  Certain  patients 
are  relieved  by  atropine  as  well  as  by  morphine.  In  such  cases  the 
size  of  the  dose  of  morphine  may  be  diminished. 

Local  application  of  sprays,  medicated  vapors,  local  anesthetics, 
orthoform,  chloroform,  ether,  etc.,  may  be  tried  in  laryngeal  crises. 
Here  again  one  must  recall  that  the  disease  is  not  in  or  of  the  larjux; 
the  cervical  and  medullary  roots  are  at  fault,  and  the  general  analgesics 
are  to  be  relied  on  more  and  more. 

Rectal,  vesical,  ureteral,  urethral,  kidney,  and  other  crises  may  be 
met  with  the  same  general  remedies.  Local  applications  sometimes 
offer  relief,  but  are  usually  disappointing. 

It  is  not  an  infrequent  experience  to  find  that,  failing  to  obtain  relief 
by  local  applications,  meddlesome  surgery  is  invoked  to  the  disadvan- 
tage of  the  entire  situation.  A  careful  and  minute  sensory  investiga- 
tion might  have  revealed  the  cause  of  the  discomfort,  and  then  a  fairly 
adequate  therapy  invoked. 

In  the  final  summing  up  of  efficient  control  of  the  pains  and  crises, 
it  is  to  be  remembered  that  each  attack  of  pain,  or  each  \  isceral 
crisis  is  a  law  unto  itself.  Some  will  be  very  mild,  others  severe;  hence, 
in  all  cases  the  patient  should  have  a  graded  series  of  reliefs.  Those 
with  a  background  of  strong,  resolute  self-control  will  avoid  the  use 
of  morphine  until  the  more  specific  types  of  therapy  have  been  of  some 
aid  in  the  situation. 

I  do  not  mention  silver  nitrate,  ergot,  protargol,  mix  vomica,  organic 
extracts,  etc.,  because  they  are  of  no  service,  nor  is  there  any  reason 
why  they  should  be.   That  certain  attacks  have  seemed  to  be  helped 
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by  this  or  that  remedy  may  be  easily  explained  on  the  ground  of  the 
I  great  variability  in  the  severity  of  dift',erent  attacks,  and  not  improb- 
1  ably  the  suggestive  and  tonic  action  of  the  thought  that  at  last  the 
I  doctor  has  obtained  the  wished  for  specific.  One's  tonic  psychotherapy 
must  be  employed,  not  in  connection  with  pharmaceutical  or  phy  sical 
remedies — in  the  sense  of  being  in  any  way  vitally  associated  with  such 
remedies — but  must  be  a  thing  apart.   The  value  of  the  remedies  must 
be  placed  on  their  proper  plane.   The  psychotherapy  must  be  real  and 
sincere,  not  a  cheap  and  gaudy  optimism. 

Hydrotherapy  and  Massage. — It  is  by  no  means  certain  what  effects 
baths  have  upon  the  tabetic  process.  Empirically  many  patients  are 
benefited  by  a  proper  course  of  hydrotherapy.  In  many  cases  it  is 
psychotherapy  masquerading  in  the  guise  of  hydrotherapy.  In  others 
it  would  appear  that  the  baths  themselves  are  of  service.  One  thing 
is  certain,  however,  no  special  bathing  resort,  and  no  special  method 
of  hydrotherpay  is  cm'ative.  The  literature  sent  out  from  many  bathing 
resorts  as  well  as  the  articles  wTitten  by  physicians  residing  at  such 
resorts,  are  often  fulsome  in  praise  of  this  or  that  bath  or  procedure, 
but  they  must  be  taken  cum  grano  salis. 

Viewed  from  the  standpoint  of  the  tabetic,  however,  the  situation 
is  largely  an  economic  one.  One  of  the  chief  functions  of  a  physician 
who  is  called  upon  to  treat  a  patient  with  tabes  is  to  adjust  the  patient's 
expenditure  as  far  as  possible  to  his  income.  To  encourage  expensive 
trips  to  foreign  baths,  or  to  places  at  home  which  are  of  no  special 
value,  works  an  economic  wrong  to  an  individual  who  in  time  is  apt 
to  suffer  greatly  from  lack  of  early  forethought.  One  should  therefore 
develop  a  home  hydrotherapy  even  for  well-to-do  patients. 

Hydrotherapy  is  used  to  relieve  pains,  and  to  encourage  general 
metabolism.  For  pain,  one  employs  hot  water  bottles,  hot  sand,  electric 
heaters,  hot  packs,  etc.  It  has  been  taught  for  years  that  extremes 
of  heat  are  harmful.  This  is  doubtful.  Certainly  short  local  hot  appli- 
cations for  pain  are  not  disadvantageous.  Continuous  hot  baths, 
over  97°  F.,  may  be,  but  short  time  applications  are  not. 

For  gastric  crises  hot  packs  are  often  serviceable;  hot  sitz  baths 
are  useful  in  vesical,  rectal,  and  other  lower  sacral  root  crises. 

Much  importance  is  laid  upon  the  mineral  or  other  constituent 
of  the  bath.  Suphur,  iron,  arsenic,  radioactive  substances,  pine  needles, 
etc. — these  are  all  descendants  of  magic,  and  intrinsically  are  worth- 
less. They  are  more  often  the  appanage  of  the  charlatan,  and 
are  misused  for  their  psychic  effects.  This  is  not  a  valid  type  of 
psychotherapy. 

Heat  and  moisture  are  the  desirable  features.  They  may  be  applied 
in  the  form  of  water,  plain  or  aerated  (carbonated,  etc.,  for  skin  stimuli), 
of  packs,  of  mud,  etc.  There  is  no  special  merit  in  one  type  or 
another;  yet  special  bath  resorts  develop  a  technique  of  application 
that  has  its  own  rules  and  regulations,  and  which  have  their  individual 
psychological  value. 

All  of  the  rules,  regulations,  forms,  special  appliances,  and  the  general 
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technique  of  a  well-regulated  hydrotherapeutic  establishment,  such 
as  are  to  be  found  in  Virginia  Hot  Springs,  Mudlavia,  Mt.  Clemons, 
Saratoga,  Arkansas  Hot  Springs,  etc.,  or  in  the  establishments 
of  France  (Lamellou)  and  Germany  (Nanheim,  etc.)  have  their  great 
value  in  the  psychological  principles  which  govern  such  institutions. 
With  proper  antisyphilitic  therapy  they  are  advantageous. 

The  regulation  of  the  life,  exercise,  interests,  etc.,  is  of  the  greatest 
importance.  No  special  rules  can  be  laid  down.  Each  patient  is  a  law 
unto  himself.    (See  Hinsdale's  Baths  of  the  United  States.) 

At  home  the  baths  may  be  given  by  a  nurse  or  attendant,  or  by 
a  member  of  the  family.  A  full  warm  bath  at  about  85°  to  90°  F., 
lasting  well  over  ten  minutes,  should  be  followed  by  a  brisk  rub  or  a 
cold  douche.  Such  baths  may  be  used  for  a  month  and  then  discon- 
tinued for  a  month  to  be  renewed.  The  use  of  skin  irritants,  salt, 
alcohol,  bran,  etc.,  has  no  special  value  so  far  as  the  tabes  is  con- 
cerned. The  chief  end  and  aim  is  to  stimulate  physical  vigor.  This 
results  from  the  action  of  the  baths  upon  the  circulatory  organs,  upon 
the  muscular  metabolism,  usually  much  diminished  in  tabes,  and  upon 
the  blood-forming  organs.  The  general  metabolic  stimulation  is  a 
useful  adjuvant  to  that  of  psychotherapy. 

Under  all  circumstances  hydrotherapy  must  be  carried  out  under 
medical  supervision.  It  must  not  be  left  entirely  to  nurses  or  bath 
attendants.  The  general  rule  to  follow  is  about  as  follows:  The  first 
bath  should  not  extend  over  three  to  four  minutes ;  they  are  then  grad- 
ually lengthened  to  ten  to  fifteen  minutes  One  takes  two  baths  on 
successive  days,  on  the  third  day  the  bath  is  omitted.  After  each  bath 
the  patient  should  rest  for  from  a  half  to  two  and  a  half  hours.  The 
temperature  should  be  warm — not  hot.  Fifteen  to  twenty  baths  should 
constitute  a  treatment,  to  be  renewed  after  as  long  a  pause  between 
baths. 

Mechanotherapy. — Massage  in  the  form  of  light  friction  with  a  deeper 
kneading  in  the  back  regions  is  a  useful  aid  to  hydrotherapy.  The 
chief  object  to  be  obtained  from  massage  is  to  compensate  in  part  for 
the  diminished  muscular  activity  induced  by  the  ataxia.  If  the  ataxia 
is  not  marked  enough  to  eliminate  all  exercise,  massage  may  be  omitted. 
At  all  events,  since  early  and  severe  fatigue  is  a  frequent  condition  in 
tabetics,  massage  and  exercise  must  be  carefully  regulated. 

If  there  is  excessive  hyperesthesia  of  the  skin,  massage  is  often  dis- 
tressing. Light  stroking  of  the  skin  may  then  be  found  of  some  aid 
in  relieving  the  pains. 

Suspension. — Suspension  may  be  here  considered  as  a  general  mcchano- 
therapeutic  method.  It  is  an  interesting  illustration  of  a  medical  fad. 
It  is  not  inconceivable  that  certain  patients  were  benefited,  temporarily, 
but  that  anything  like  cure  could  result  does  not  appear  rational  in 
view  of  the  general  pathological  conditions  underlying  the  tabetic 
syndrome. 

Various  osteopathic  practices  must  be  considered  here.  Personal 
experience  has  shown  some  hideous  results.  There  has  been  no  relief 
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seen  that  could  not  be  brought  about  by  more  intelligent  massage  or 
counterirritation. 

Orthopedic  methods  require  a  short  word.  They  were  chiefly 
devised  to  stretch  the  nerves  thought  to  be  aft'ected — chiefly  the  sciatic. 
This  was  a  useless  and  often  mischievous  mode  of  treatment. 

Various  orthopedic  corsets,  having  for  their  object  a  local  suspension 
action,  have  been  utilized — at  times  accompanied  by  some  striking 
betterment  in  pain,  girdle  sensations,  even  crises.  It  would  appear 
that  psychotherapy  rather  than  the  corsets  was  responsible;  especially 
as  the  former  is  very  rational.  In  view  of  the  pathology,  the  latter 
can  hardly  be  supported. 

Counterirritation. — This  method  of  treatment,  long  in  vogue,  by  means 
of  seton,  actual  cautery,  blisters,  etc.,  has  been  largely  abandoned. 
While  it  is  recognized  that  it  has  no  eflFect  upon  the  general  pathology, 
and  should  never  be  employed  as  a  sole  means  of  treating  tabes,  yet 
at  times  counterirritation  may  be  of  great  service,  with  other  remedies, 
in  relieving  the  pains.  An  important  general  principle  is  to  make  one's 
applications  over  the  root  zones,  which  a  careful  sensory  examination 
reveals  to  be  those  chiefly  implicated.  Under  all  circumstances  it  should 
not  be  forgotten  that  anesthetic  areas  may  be  present  in  the  regions 
to  be  treated.  One  should  therefore  avoid  any  remedies  which  tend 
to  destroy  the  already  under-par,  skin-trophic  influences.  Counter- 
irritation over  the  peripheral  distributions  of  the  pain  is  nonsense. 
One  desires  to  influence,  if  possible,  a  more  or  less  chronic  meningeal 
process  located  about  the  sensory  root  zones.  The  trouble  is  not 
at  the  periphery.  Thus  in  certain  taboparetics  the  pains  are  due  to 
thalamic  lesions.  It  is  manifestly  absurd  to  treat  the  local,  peripheral 
projections. 

Electricity. — The  present-day  position  relative  to  the  influence  of 
electrical  currents  upon  tabetic  pains  is  difficult  to  summarize.  Personal 
experience  does  not  show  that  ordinary  methods  of  using  these  currents 
is  of  any  distinct  service.  Yet  one  finds  that  careful  observers  report 
useful  results,  and  which  they  believe  are  due  to  other  than  purely 
psychical  means. 

In  the  earlier  days  of  electrotherapeutic  enthusiasm  general  galvaniza- 
tion of  the  spinal  column  was  widely  extolled.  Special  methods  were 
devised.  They  have  practically  been  abandoned  by  conscientious 
physicians.  Special  methods  of  galvanization  of  the  vagus,  of  the  solar 
plexus,  and  medulla  were  equally  praised.  They  also  have  gone  with 
other  magic  incantations. 

The  faradic  brush  is  still  widely  recommended  for  the  sharp,  shooting 
pains,  and  in  its  more  developed  forms  as  Franklinization,  d'Arson- 
yallization  has  many  adherents.  Nagelschmidt  reports  results  so  strik- 
ing as  to  create  doubts  as  to  the  possible  diseases  under  consideration. 
It  is  largely  because  of  errors  in  diagnosis  that  electrotherapeutic 
results  need  to  be  carefully  scanned. 

High  frequency  applications  have  been  among  the  later  claimants 
to  the  attention  of  the  neurologists,  and  increasing  experience  tends 
VOL.  II — 25 
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to  show  that  in  this  particular  type  of  application  one  can  affect  the 
deeper  root  areas  and  bring  about  relief  of  pain.  These  are  instances 
probably  of  electrical  anesthesia.  They  are  not  of  any  permanent 
value  and  do  not  affect  the  process  causing  the  pains.  Precisely  similar 
results  can  come  from  analgesics,  cocainization,  or  alcoholization  of 
the  posterior  roots.  It  is  only  a  question  of  choice  of  method  of  pro- 
ducing a  temporary  anesthesia. 

Radio-active  substances,  as  well  as  various  light  therapies,  have  not 
fulfilled  any  of  their  expectancies. 

Electrical  therapy  of  the  crises  by  applications  over  or  within 
the  stomach,  the  bladder,  the  vagina,  or  rectum  is  all  illusory.  The 
disease  process  is  not  located  in  these  organs.  Quackery  alone  can 
find  justification  for  such  procedures  at  the  present  stage  of  our 
knowledge. 

In  one  important  particular,  and  apparently  in  one  alone,  is  electricity 
of  distinct  value  in  tabes.  This  is  in  relation  to  the  treatment  of  the 
atrophies,  which  are  not  infrequent  in  this  disorder. 

Surgical  Treatment  of  Pains  and  Crises. — Inasmuch  as  the  pathological 
seat  has  been  determined  for  the  greater  number  of  patients,  it  is  natural 
that  the  posterior  roots  would  be  attacked  by  surgical  procedures 
for  the  relief  of  pain.  The  evolutionary  steps  were  naturally  through 
endomedullary  measures.  At  first  spinal  applications  of  cocaine, 
eucaine,  stovaine,  adrenalin  were  employed,  but  the  more  radical 
procedures  of  Forster  offer  something  more  permanent. 

In  the  indefinite  or  non-localized  pains  of  tabes  it  would  appear 
hardly  worth  while  to  adopt  such  a  radical  means  for  relief,  yet  there  are 
instances  in  which  the  suffering  is  so  great  that  the  procedure  of  section 
of  the  posterior  roots  affected  seems  justifiable. 

The  history  of  posterior  root  section  for  intractable  pain  began  with 
Bennett  and  Dana's  first  suggestion  in  1888.  Its  general  application  to 
neuralgias  in  general — not  tabetic  pains — has  had  a  rich  development  at 
the  hands  of  Horsley,Chipault,Munro,  Hartley, Frazier,  Kerr,and  others. 

O.  Forster  formulated  the  general  procedure  for  the  relief  of  gastric 
crises.  This  was  by  section  of  the  posterior  root,  cutting  off  the  irri- 
tation of  the  sensory-sympathetic  gastro-intestinal  fibers,  which  pass 
through  these  dorsal  roots.  In  his  earlier  publications  Forster  fixed  a 
series  of  indications  from  which  he  has  more  recently  (1913)  departed 
in  some  particulars.  These  earlier  ideas  were  that  only  extreme  cases 
should  be  operated.  Such  are  those  with  marked  inanition,  or  those 
with  marked  morphinism,  or  those  whose  existence  is  threatened  by 
the  crises. 

At  least  as  many  roots  must  be  sectioned  as  show  disease  by  sensory 
testing,  yet  there  are  certain  anomalies  of  distribution  which  indicate 
the  possibilities  of  intermittent  sectioning.  The  details  for  this  have 
not  yet  been  determined. 

Up  to  the  time  of  Singer's  general  summary  (July,  1912),  38  operations 
were  available,  many  of  which  have  not  been  published  in  detail.  In  26 
per  cent,  of  these  death  followed — not  all  as  a  necessary  result  of  the 
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operation,  however.  In  the  main  the  pains  were  for  the  most  part 
stopped,  althontjh  a  number  of  disagreeable  by-effects  were  obtained 
—some  necessary,  others  due  to  faulty  surgical  technique.  The  pain 
returned  in  a  number  after  some  months.  This  may  be  interpreted 
in  a  number  of  ways — the  most  direct  being  that  either  the  proper  roots, 
or  the  proper  number  of  the  same  were  not  cut.  In  a  few  cases  the 
results  were  so  valuable  that  the  patients  could  resume  their  occupa- 
tions. With  increasing  experience  the  results  have  been  better.  The 
more  exact  observations  by  sensory  tests  made  accurate  localization 
more  possible,  and  certain  modifications  of  technique — particularly 
the  Gulecke  procedures — have  made  it  possible  to  do  away  with  the 
earlier  laminectomy  operations.  These  modifications  have  made  the 
double-sided  operation  less  of  a  danger  and  introduced  more  certainty 
into  the  situation.  At  the  present  time  of  writing  the  Gulecke  opera- 
tion promises  to  be  an  important  technical  advance. 

It  is  too  early  to  state  what  the  ultimate  fate  of  the  dorsal  root 
operation  is  to  be.  The  subject  is  under  active  discussion,  and  is 
modifying  rapidly.  It  must  always  come  up  for  careful  consideration 
for  severe  gastric  crises,  and  the  best  available  position  ascertained 
from  both  the  neurological  and  surgical  standpoints.  The  literature 
to  1912  may  be  found  in  the  Singer  contribution. 

Treatment  for  Ataxia — Here  will  be  discussed  the  methods  devised 
to  minimize  the  disability  due  to  the  ataxia.  A  number  of  these 
methods  have  been  advocated,  but  only  a  few  have  survived  as 
sho"^ang  results  of  sufficient  value  to  warrant  their  full  consideration. 

Frenkel,  working  on  Raymond's  material  at  the  Salpetriere,  devised 
a  series  of  training  procedures  which  utilized  the  compensatory  mechan- 
isms of  the  eye  and  vestibular  mechanisms.  It  is  well  known  that 
these  are  of  great  service  in  training  the  child  to  walk.  The  child 
must  see,  and  keep  from  falling  through  information  derived  from 
the  vestibular  organs.  The  vestibulospinal  tracts  convey  these  neces- 
sary messages  to  the  limbs. 

In  tabes  a  whole  series  of  deep  sensibility  impressions  are  cut  off. 
These  are  bound  up  with  receptors  for  joint  movements  and  muscular 
tension  which"  ultimately  develop  into  a  coordination  which  permits 
the  limbs  to  control  time  and  space  relations  for  the  purpose  of  walking. 
The  gradual  formation  of  these  coordinations  requires  the  aid  of  the 
optic  nerve,  ocular  movements,  and  the  semicircular  canals,  particu- 
larly the  last.  In  time  the  whole  situation  becomes  an  automatically 
responsive  mechanism,  requiring  little  conscious  direction,  so  far  as 
locomotion  and  the  performance  of  simple  acts  are  concerned.  The 
pathological  alteration  in  tabes,  however,  cuts  oft',  in  varying  degrees 
m  individual  patients,  the  pathways  from  these  particular  receptors, 
so  that  the  information  regarding  movements,  tensions,  and  w^eights, 
etc.,  can  no  longer  be  utilized.  Hence  the  varying  degrees  of  uncertainty 
m  motor  acts  and  the  loss  of  control  in  time  and  space  management, 
on  the  part  particularly  of  the  legs  for  walking,  and  the  arms  for  manual 
labor,  writing,  etc. 


388       SYPIIILITJC  DISEASES  OF  THE  NERVOUS  SYSTEM 


In  the  exercises  devised  then  the  general  viewpoint  is  tliat  one  needs 
to  reeducate  the  Hmbs  (1)  by  means  of  the  eyes,  and  (2)  by  utihzing 
to  the  full  those  pathways  not  completely  blocked  off  from  carrying 
sensations.    These  two  methods  are  combined  in  actual  practice. 

Exercises  in  Reeducation. — Only  a  short  sketch  of  these  exerci.ses  can 
be  given  here.  For  a  more  complete  summary  the  reader  is  referred 
to  the  work  of  Frenkel,  and  the  most  thorough  study  by  O.  Forster. 

In  practice  one  finds  patients  who  have  trouble  in  walking,  but 
(1)  who  are  able  to  walk  about  fairly  freely  without  support,  but  in 
whom  the  walking  is  altered  and  often  leads  to  falls ;  (2)  those  who  need 
a  cane,  or  the  arm  of  a  companion — maybe  also  a  cane;  (3)  those  who 
cannot  walk,  but  can  stand,  and  (4)  those  who  can  neither  stand  nor 
walk.  No  attempt  will  be  made  to  outline  modes  of  treatment  for 
these  groups.  The  general  principles  must  suffice.  It  is  one  of  repeated 
exercises,  combined  with  maximum  attention.  Repetition  enables 
the  individual  to  differentiate  stimuli  of  the  minutest  intensity.  One's 
sensibility  becomes  so  great  that  frequent  repetition  of  the  stimuli 
act  with  the  same  force  as  less  frequent  response  even  to  much  stronger 
stimuli.  The  tabetic  starts  out  to  specially  train  his  muscles  to  deeds 
never  before  thought  of  as  possible,  and  inasmuch  as  the  lesions  in  his 
nervous  system  are  rarely  so  widespread  as  to  cut  off  all  the  needed 
pathways,  there  nearly  always  remain  some  few  neurones  whose 
efficiency  can  be  cultivated  to  the  utmost.  Naturally  the  greater  the 
extent  of  the  blocking  lesions,  the  greater  are  the  difficulties  to  be 
overcome. 

A  careful  sensory  chart  must  be  prepared  for  each  patient,  particularly 
with  reference  to  his  knowledge  of  joint  movements,  his  knowledge 
of  muscular  tensions,  weights,  etc.,  and  all  the  factors  of  deep  as  well 
as  superficial  sensibility,  protopathic  as  w^ell  as  epicritic.  The  limbs 
are  to  be  tested  separately,  and  the  possibilities  of  movement  explored. 
Then  the  systematic  exercises  are  started  and  persisted  in. 

A  hopeful  stimulating  attitude  is  necessary  throughout  the  treatment, 
for  by  grit  and  determination  bedridden  tabetics,  unable  even  to  sit 
up  in  bed,  have  been  so  benefited  by  the  exercises  as  to  be  able  to  walk 
down  stairs  backward.  One's  time  and  energy  is  throw'n  away  on  those 
morphinized  individualities  with  fiber  in  them  like  a  dish  rag.  Such 
are  not  worth  treating  as  a  rule — ^they  become  the  prey  of  charlatans. 

In  normal  walking  there  is  a  constant  shift  of  the  weight  from  one 
hip  to  another.  In  certain  tabetics  the  loss  of  weight  impression  trans- 
mission makes  this  a  serious  difficulty  to  be  overcome,  and  one  of  the 
most  fundamental  to  be  dealt  with.  It  causes  a  difference  in  the  kind 
of  step  of  the  individual.  Short  steps  with  dragging  movements  are 
common  when  this  difficulty  is  present;  whereas,  the  stamping  long 
movements  with  falling  forward  is  a  mode  of  progression  due  to  a 
different  sensory  loss. 

In  severe  cases  the  exercises  cannot  begin  with  walking.  They  must 
either  start  with  simple  exercises  on  the  back,  or  the  simplest  type 
of  balancing  exercises. 
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Lying  upon  the  back  with  the  lower  extremities  bare,  one  goes  through 
a  complete  series  of  flexions,  extensions,  abductions,  and  adductions. 
These  are  carried  out  at  first  one  leg  at  a  time,  later  in  unison,  with 
eyes  open  and  with  eyes  closed.  When  the  muscular  movements  have 
acquired  a  certain  ease  and  flexibility  with  some  degree  of  precision — 
definite  movements  are  carried  out  on  the  back  position,  such  as  putting 
the  heel  upon  the  opposite  knee,  or  upon  the  opposite  toe,  or  touching 
a  series  of  posts  which  are  placed  upon  the  foot  of  the  bed,  or  the  feet 
are  trained  to  rest  in  pocket-like  bits  of  apparatus. 


Fig.  23 


Bed  apparatus  for  exercises. 


When  the  legs  and  thighs  have  attained  this  efficiency — sitting  up 
exercises  are  started.  These  consist  in  a  series  of  movements  of  rising 
from  a  chair  with  the  legs  in  varying  positions,  leaning  forward  and 
backward,  sideways,  rotating,  etc.  These  exercises  are  all  planned 
to  obtain  as  full  a  control  of  the  hip  musculature  as  possible,  for  the 
control  of  the  hip  musculature  is  a  very  important  feature  in  these 
exercises. 

The  walking  movements  then  follow.  These  consist  first  in  a  series 
of  side  steps,  or  of  steps  about  a  circle.  A  series  of  footprints  should  be 
chalked  out  or  painted  upon  a  canvas  sheet  placed  on  the  floor.  The 
patient  slowly  revolves,  placing  his  feet  exactly  upon  the  indicated  foot- 
mark. In  a  similar  manner  sideways  walking  is  practised,  and  move- 
ments of  bending  and  of  torsion  follow.  These  are  very  important  and 
are  of  the  same  nature  as  those  practised  in  the  sitting  posture — save 
that  here  the  patient  stands  up. 

It  is  not  necessary  to  have  any  elaborate  apparatus  for  these  exercises. 
The  object  of  the  whole  procedure  is  to  obtain  precision  in  movement, 
and  exercises  which  are  elaborated  to  fit  the  individual  case  are  superior 
to  those  which  are  more  formal.  When  possible  a  useful  motion  is  to 
be  introduced.    Thus  in  upper  arm  exercises  typewriter  practice  is 


Fig.  24 


>-8tep  movements  in  early  stages  of  releainiug  to  walk. 
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much  more  valuable  than  the  use  of  the  ordinary  methods  of  having 
a  patient  stick  his  finders  on  a  series  of  pegs.  Basket-weaving  practice 
is  better  than  more  formal  exercises.  Rug-weaving  on  simple  looms 
makes  an  excellent  sitting  position  series  of  exercises.  Blacksmithy 
work  is  excellent  practice.  One  can  carry  on  every  desired  movement, 
and  be  doing  something  useful  at  the  same  time. 


Fig.  2G 
^  


Footprints  on  floor  for  practice  in  -wallcing 


Many  of  the  exercises  may  be  combined  with  gymnastic  appliances, 
weights,  wands,  dumb-bells,  etc.,  not  for  the  gymnastic  part  of  it  but 
as  supplying  a  slight  externalizing  idea. 

These  exercises  must  be  carefully  regulated  in  duration.  There 
is  frequently  a  marked  increase  in  the  rapidity  of  the  pulse.  This 
must  be  watched,  and  when  about  120  to  150  the  patient  must  rest. 
Ten  to  twenty  minute  planned  exercises  are  enough  at  first;  then  they 
are  done  twice  a  day,  then  gradually  lengthened.  In  the  beginning 
the  control  by  the  eyes  plays  a  i)r()niinent  role.   But  it  is  the  ideal  to  do 
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away  with  the  eye  control  and  cultivate  the  sensibility.  This  can 
usually  be  done,  and  in  such  exercises  the  patient  wears  a  mask. 


Fia.  27  Fia.  28 


Zig-zag  in  floor  for  walking  exercises.  Exercises  for  upper  extremity. 


In  view  of  the  fact,  already  mentioned,  that  o])tic  atrophy  patients 
rarely  have  much  ataxia,  and  more  pertinently  because  it  has  been 
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observed  that  with  increasing  loss  of  eyesight  tabetic  patients  often 
show  diminishing  ataxia,  it  appears  very  reasonable  that  the  best  way 
perhaps  to  train  an  ataxic  is  to  reverse  the  Frenkel  order  and  insist 
from  the  begliming  on  training  the  remnant  of  sensibility  left  and  not 
depend  upon  the  eyes.  Recent  experiences  with  this  method  seem  to 
show  that  patients  practising  with  a  mask  overcome  their  ataxia  more 
rapidly  than  those  who  utilize  their  eyes.  With  either  method  the  use 
of  the  stick  in  walking  is  to  be  avoided  as  much  as  possible.  The  patient 
may  carry  a  cane  to  help  him  out  in  a  dangerous  situation,  but  in  theory 
it  should  be  over  his  shoulder  or  under  his  arm  instead  of  being  used 
as  a  support  for  the  pelvis. 

In  training  the  upper  extremities,  exercises  similar  to  those  suggested 
for  the  lower  limbs  are  devisable.  They  will  consist  in  holding  out 
the  hands;  movements  of  the  fingers  in  definite  directions;  touching 
the  thumb  with  the  tips  of  the  fingers  (piano  exercises  are  here  good 
substitutes);  movements  of  certain  fingers,  with  holding  of  others; 
movements  of  individual  phalanges;  piling  up  of  checkers  or  of  round 
disks;  the  use  of  a  board  with  holes  in  it  to  practise  movements  (knight's 
move  tricks  on  a  chess-board  are  good  substitutes) ;  buttoning  and  un- 
buttoning; opening  and  closing  the  fist;  punching  a  punching  bag; 
spoon  exercises;  writing  exercises  with  chalk  and  blackboard;  type- 
writer exercises;  blind  alphabet  writing;  drawing,  etc. 

These  exercises  are  described  at  length  in  the  works  referred  to,  as 
well  as  others  which  may  be  desirable  in  certain  rarer  ataxias  (speech, 
eye  muscles,  etc.).  They  should  form  a  constituent  part  in  the  therapy 
of  all  those  tabetics  w^ho  have  any  deSire  to  be  able  to  get  about.  As 
for  the  lazy,  indifferent  hospital  parasite  little  can  be  done;  still  it  not 
infrequently  happens  that  a  little  enthusiasm  goes  a  long  way  in  waking 
up  a  hopeless,  hospital  invalid  to  some  degree  of  efficiency. 

In  certain  cases  of  acutely  progressing  tabes  the  exercises  are  contra- 
incficated.  Here  absolute  rest  seems  the  only  thing  to  be  done,  while 
a  specific  therapy  is  being  used.  Certain  arthropathic  cases  do  badly 
with  much  exercise.  Here  also  the  imminent  danger  of  breaking  bones 
is  to  be  remembered.  Tabetics  with  complicating  muscular  atrophy 
also  do  badly  under  exercises,  and  those  patients  with  torn  tendons 
are  to  be  considered  in  the  same  light  as  the  tabetic  with  arthropathies 
or  fragile  bones.  Patients  with  syphilitic  heart  disease — not  infre- 
quent in  tabes — are  to  be  exercised  with  caution.  Excessive  adiposity, 
comparatively  rare,  also  is  a  contraindication. 

Etiological  Treatment  of  Tabes. — Tabes  is,  in  the  highest  degree 
probable,  a  syphilitic  disease.  Yet  it  has  for  the  most  part  shown  itself 
refractory  to  ordinary  specific  therapy.  This  is  not  due  entirely  to 
the  fact  that  an  early  syphilis  has  been  neglected — nor  is  it  true  that 
tabes  is  due  to  too  much  specific  (Hg.)  therapy,  as  has  been  claimed 
in  times  past.  Patients  with  syphilis  have  been  consistently  well 
treated,  and  yet  developed  tabes;  they  have  received  no  treatment  at 
all  and  developed  tabes,  and  they  have  been  excessively  treated  and 
developed  tabes.    There  are  no  con\  in('ing  statistics  to  prove  beyond 
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doubt  which  course  most  influences  the  later  development  of  a  tabes. 
(Nonne,  loc.  cit.) 

At  the  same  time  there  are  certain  considerations  which  tend  to  throw 
the  whole  question  of  tabes  into  line  with  what  is  known  of  many  other 
disease  reactions.  In  the  first  place  the  word  tabes  symbolizes  a  number 
of  quite  differing  processes  seen  from  the  standpoint  of  development 
and  causation.  In  certain  individuals  one  can  speak  of  a  .so-called 
metasyphilitic  process  in  which  the  chief  destructive  element  is  of  toxic 
nature.  The  neurone  is  attacked  in  a  manner  analogous  to  that  seen 
in  a  post-diphtheritic  paralysis.  The  invading  organism  may  have 
disappeared  entirely  and  yet  its  products  act  deleteriously.  On  the 
other  hand,  certain  tabetic  individuals  show  in  their  po.sterior  roots 
definite  gummatous  infiltrations,  which  by  their  pressure  alone  are 
capable  of  inducing  the  destruction  of  the  sensory  neurones.  These 
must  certainly  be  viewed  in  an  entirely  different  light  therapeutically 
from  the  former  ones.  Then  again,  other  tabetics  have  shown  little 
spinal  meningeal  disease,  but  a  syphilitic  focus  in  some  other  part  of 
the  body,  capable  of  liberating  syphilitic  toxins  which  may  act  upon 
the  sensory  neurones. 

Furthermore,  the  serobiological  tests  seem  to  show,  in  the  first  place, 
no  Wassermann  reaction  or  10  per  cent,  only  with  0.2  of  serum,  but 
positive  with  larger  amounts;  an  increase  of  cells  in  the  fluid;  a  positive 
globulin  reaction;  hence,  one  must  support  the  view  that  a  syphilitic 
process  is  going  on,  and  more  or  less  actively  when  the  cell  count  is 
large.  It  may  here  be  recalled  that  Boas,  of  Copenhagen,  has  claimed 
that  the  presence  of  a  blood  Wassermann  in  a  tabetic  is  good  e^'idence 
of  his  having  had  no  syphilitic  treatment. 

All  of  these  considerations  point  to  the  desirability  of  a  specific 
attack,  leaving  it  to  be  patiently  sought  out  why  the  treatment  as  now 
carried  out  for  the  initial  syphilis  does  not  prevent  an  after-coming 
tabes. 

It  seems  highly  probable,  with  the  knowledge  obtainable  from  the 
cerebrospinal  fluid,  that  fewer  and  fewer  cases  of  tabes  will  de\'elop 
because  of  a  more  adequate  treatment  of  the  fundamental  disease, 
i.  e.,  a  treatment  controlled  by  other  than  the  heretofore  empirical 
methods. 

From  this  it  follows  that  the  earlier  it  is  definitely  learned  that  a 
tabetic  process  is  in  progress  the  more  active  should  be  the  attack. 
It  has  not  been  shown  as  yet  conclusively  that  the  usually  employed 
specific  remedies  do  any  great  harm  to  the  nervous  system  when  ad- 
ministered in  a  fairly  reasonable  manner.  An  antisyphilitic  treatment 
for  certain  patients  with  tabes — old  cases  with  marked  degenerative 
changes  ofi'ers  little  hope  of  reward. 

The  extremely  important  subject  of  what  has  been  termed  "neuro- 
recidive"  should  be  considered  briefly  at  this  time,  since  it  is  pertinent 
to  the  objection  that  specific  therapy,  not  alone  by  the  arsenic  prep- 
arations— cacodylates,  salvarsan,  neosalvarsan,  etc., — but  also  by  mer- 
curial preparations,  has  been  responsible  for  certain  very  definite 
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advances  in  syphilitic  disease — optic  atrophy,  vestibular  affections, 
acute  excitements,  epilepsies,  apople>^ies,  etc.  This  sul)ject  has  been 
discussed  at  {greater  length  in  speaking  of  cerebral  syphilis  (p.  337), 
syphilis  of  the  base  and  the  convexity,  but  it  also  has  its  application 
in  any  discussion  on  the  specific  therapy  of  tabes.  As  previously  stated, 
it  seems  definitely  shown  that  the  so-called  bad  results  of  specific 
therapy  (neurorecidive)  are  due,  not  to  the  remedies  employed,  but 
to  the  ilisease  itself,  and  that  a  continuance  of  a  proper  medication 
clears  them  up.  This  has  been  shown  to  be  true  even  in  one  of  the  most 
feared  of  all  syphilitic  results — optic  nerve  atrophy — by  Spiethoff  and 
others.  Just  wdiat  effect  certain  types  of  therapy  (z.  e.,  salvarsan)  has 
in  bringing  about  an  increase  in  local  activity  of  endotoxin  formation 
— the  so-calletl  Herxlieimer  reaction — is  discussed  in  another  place. 

Salvarsan  and  Neosalvarsan  in  Tabes. — At  no  time  in  the  history 
of  tile  salvarsan  movement  has  it  been  said  that  at  last  an  efficient 
remedy  has  been  found  for  tabes.  In  fact,  there  has  been  from  the 
first  a  definite  pessimistic  attitude.  This  is  explicable  on  the  general 
ground  that  the  treatment  b}-  salvarsan  had  first  to  be  applied  to  the 
collection  of  old  tabetics,  of  whom  little  was  to  be  expected. 

The  results  of  therapy  reported  b}^  Azna,  Hammer,  Geronne,  Dunger, 
Oppenheim,  and  others,  which  were  mostly  negative,  are  largely  to  be 
explained  on  this  ground.  In  much  of  the  earlier  literature  it  is  impos- 
sible to  learn  what  kind  of  patient  was  chosen,  what  stage  of  the  disease, 
what  was  the  clinical  type  of  the  disease,  etc.,  all  of  these  points  being 
of  much  importance  in  arriving  at  a  fair  estimate  of  the  therapeutic 
situation.  Certain  of  the  articles  reporting  bad  results  are  so  tinged 
with  an  a  priori,  definite,  negativistic  attitude  toward  all  therapy  that 
they  are  of  no  value  in  any  judicial  summing  up. 

Certain  authors  report  that  their  patients  have  become  distinctly 
worse,  so  far  as  pains,  girdle  sensations,  etc.,  have  been  concerned. 
Oppenheim's  early  reports  have  been  along  this  line  particularly.  While 
the  details  of  his  reports  are  not  altogether  satisfactory  it  is  not  improb- 
able that  some  of  the  increase  in  pain  has  been  due  to  the  usual  exciting 
action  (Herxheimer)  set  up  in  the  posterior  roots  by  insufficient  sal- 
varsan therapy.  If  the  attack  had  been  energetically  followed  up  the 
results  would  have  been  much  better. 

In  more  recent  times,  however,  the  opinion  is  gaining  ground,  and 
we  believe  validly,  that  the  use  of  salvarsan,  and  its  related  products, 
is  distinctly  beneficial  (Singer,  Nonne,  loc.  cit.).  It  has  been  noted 
that  tabes  so  far  as  its  pathological  features  are  concerned,  may  present 
a  variety  of  trends,  and  it  is  becoming  more  and  more  apparent  that 
salvarsan  is  valuable  particularly  in  those  patients  where  there  is  a 
comparatively  high  cellular  count,  and  in  whom  irritative  phenomena 
point  to  a  more  or  less  active  inflammatory  lesion  of  the  sensory  root 
zones.  Here  one  finds  much  benefit  following  salvarsan  therapy. 
Many  such  cases  are  found  among  early  tabes,  i.  e.,  those  originating 
soon  after  the  syphilitic  infection.  Good  results  are  being  reported 
in  increasing  numbers.  The  beginning  pains  are  relieved,  diminished 
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knee-jerks  have  come  back,  and  bladder  difficulties  been  much  im- 
proved. 

Salvarsan  as  well  as  the  mercurial  preparations  have  given  striking 
results  in  those  patients  in  whom  the  tabes  is  a  result  of  a  more  definite 
cerebrospinal  syphilis  with  marked  cellular  exudate,  and  strongly 
positive  Wassermann  in  the  fluid.  Salvarsan  has  also  been  of  value 
in  that  group  of  cases  in  which  an  accessory  syphilitic  focus  exists  in 
some  other  part  of  the  body. 

In  all  of  these  types  the  action  of  salvarsan  upon  the  pains  has  been 
beneficial.  This  has  not  been  found  to  be  invariable  by  any  means; 
in  fact,  the  number  of  cases  distinctly  and  permanently  benefited  is 
as  yet  comparatively  small,  but  in  well-chosen  cases  the  good  results 
are  often  very  striking.  The  length  of  time  that  these  chosen  cases 
have  been  under  observation  is  as  yet  too  short  to  permit  positive 
dicta,  but  in  the  types  mentioned  the  results  thus  far  obtained  are 
hopeful.  It  must  be  recalled  that  similar  results  were  obtained  by  the 
use  of  mercury,  but  personal  convictions  lead  to  the  belief  that  better 
results  have  come  from  salvarsan  in  the  treatment  of  tabetic  pains  than 
from  mercury.  This  may  be  due  to  the  fact  that  at  the  present  time 
these  patients  are  treated  earlier  and  with  greater  vigor.  The  cytological 
tests  have  provided  a  means  not  only  for  earlier  diagnosis,  but  also  for 
clearer  indications  as  to  the  extent  of  the  therapy.  With  more  energetic 
and  massive  salvarsan  therapy,  given  until  a  modified  Wassermann 
results,  the  present  indications  are  that  one  has  in  salvarsan  a  valuable 
remedy,  not  only  to  cut  short  the  process  going  on,  but  to  definitely 
kill  all  active,  toxic  producing  agents. 

The  details  of  salvarsan  and  neosalvarsan  therapy  are  given  in  these 
volumes  in  a  special  chapter  written  by  Captain  Nichols,  and  are  not 
repeated  here.  From  six  to  eight  injections  of  0.6  gram  salvarsan 
within  six  to  eight  weeks  is  not  too  severe  therapy  if  the  tabes  seems 
to  be  one  accompanied  by  the  frank  expression  of  an  active,  meningeal, 
inflammatory  reaction  (pleocytosis,  etc.),  with  pains,  with  possible 
ocular  palsies  or  active  crises  with  definite  sensory  skin  accompaniments. 
Such  doses  are  also  justified  in  those  patients  with  tabes  coming  on 
early,  i.  e.,  within  five  years  of  infection,  and  also  in  those  patients 
with  probable  syphilitic  foci  outside  of  the  nervous  system.  The  chief 
end  and  aim  of  the  specific  salvarsan  therapy  is  to  kill  the  organisms, 
and  as  rapidly  and  as  completely  as  possible.  In  all  tabetic  patients 
in  whom  it  seems  probable  that  a  fairly  active  process  is  in  progress 
such  direct  attack  upon  the  organism  is  advisable. 

It  is  in  the  old,  long-standing  syphilitics,  who  slowly  develop  the 
tabetic  syndrome,  with  low  cellular  count  and  questionable  or  absent 
Wassermann  in  blood  or  fluid,  that  the  poorest  results  have  thus  far 
been  obtained.    Some  of  these  are  absolutely  refractory. 

The  treatment  of  tabetic  pains  is  only  a  part  of  the  general  question 
of  the  treatment  of  tabes  as  a  whole.  Passing  to  this  broader  subject, 
a  resume  of  the  present-day  situation  is  desirable.  It  is  here  seen  that 
the  salvarsan  treatment  of  tabes  has  rendered  increasingly  satisfactory 
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service  as  it  has  been  more  flcfinitoly  grasped  that  many  early  faihires 
were  in  large  part  due  to  insufficient  and  faint-hearted  therapy.  The 
tendency  has  been  toward  the  opinion  that  more  intense  therapy 
gives  better  results,  and  it  is  apparently  more  and  more  important  to 
consider  combination  forms  of  therapy  of  increasing  efficiency  in  tabes, 
and  general  paresis  as  well.  This  latter  subject  is  discussed  separately. 

Before  considering  the  increasing  evidence  of  the  value  of  salvarsan, 
and  particularly  of  salvarsan  combined  with  mercury,  controlled  by 
lumbar  puncture  and  cytobiological  examinations,  it  needs  to  be  re- 
stated that  benign  tabes  is  Hot  unknown.  Certain  tabetic  patients 
get  to  a  very  definite  stationary  period  apart  from  intrinsic  therapy. 
Yet  such  patients  are  comparatively  rare.  Furthermore,  while  discuss- 
ing the  results  of  salvarsan  therapy,  it  is  to  be  recollected  that  good 
results  have  not  been  unknown  from  mercurial  therapy.  Thus,  the 
use  of  calomel,  bichloride,  salicylates,  enesol,  and  other  mercurial 
combinations  has  been  followed  by  good  results  in  many  instances. 
These  results  should  emphasize  the  ever  to  be  remembered  fact  that 
individualization  of  the  therapy  is  desirable. 

The  salvarsan  therapy  of  tabes,  however,  has  offered  more  certain, 
more  rapid,  and  more  definite  results.  Some  of  these,  so  far  as  the 
tabetic  syndrome  is  concerned,  remain  to  be  considered. 

The  pains  have  been  dealt  with  at  length.  The  ataxia  in  a  number 
of  patients  has  been  much  improved.  Inasmuch  as  this  particular 
difficulty  often  yields  very  readily  to  other  types  of  therapy — exercise, 
psychotherapy — it  affords  a  less  valuable  criterion  as  to  the  value  of 
salvarsan  than  it  otherwise  would. 

The  Argyll-Robertson  pupil  has  been  known  to  disappear  in  both 
tabes  and  paresis,  following  salvarsan  therapy.  Pupillary  inequalities 
have  been  cleared  up,  and  in  some  instances  optic  atrophy  has  been 
benefited.  Optic  atrophy  as  a  neurorecidive  seems  to  be  fairly  well 
shown  to  be  a  product  of  faint-hearted,  salvarsan  therapy. 

A  further  word  of  explanation  to  account  for  certain  features  of  the 
neurorecidive  in  general  seems  pertinent  here.  Recent  studies  in  tabes 
and  in  paresis  have  shown  following  an  initial  dose  of  salvarsan,  gm. 
0.2  to  0.4,  that  a  previously  negative  Wassermann  in  the  blood  has 
become  positive.  It  seems  justifiable  to  beheve  that  a  dormant  syphilitic 
focus  has  become  activated,  and  that  previously  dormant  spirochetes 
have  been  stimulated  into  activity.  Nichols  and  Hough  in  fact  report 
the  finding  of  active  spirochetes  in  the  spinal  fluid  of  a  patient  with 
cerebrospinal  syphilis  in  the  early  second  stage.  This  patient  was 
treated  by  salvarsan  and  there  resulted  the  typical  picture  of  a  neuro- 
recidive with  a  positive  Wassermann,  and  active  pleocytosis,  and  the 
picture  of  a  confusional  excitement  with  aphasic  and  hemiparetic  signs. 

Following  the  neurorecidive,  inoculation  experiments  with  the  cerebro- 
spinal fluid  resulted  in  obtaining  the  organisms  in  large  quantities  from 
the  testicle  of  the  rabbit.  Subsequent  treatment  by  salvarsan  and 
mercury  caused  a  fall  in  the  cerebrospinal  pleocytosis,  and  a  marked 
nnprovement  of  the  patient  from  his  neurorecidive.    Here  the  proof 
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seems  iaivly  clear  that  whereas  tlie  salvarsan  possibly  activated  a 
syphilitic  focus,  yet  the  symptoms  were  due  to  a  progression  of  the 
syphilitic  process.  This  process  was  fully  controlled  by  later  therapy. 

It  thus  seems  probable  that  in  that  typtt  of  tabes  with  low-grade 
radiculitis,  with  accessory  syphilitic  foci,  that  an  activation  may  take 
place  following  an  initial  salvarsan  or  neosalvarsan  injection.  Toxiiis 
are  then  thrown  out,  optic  nerve  poisoning  advances,  but  if  the  initial 
therapy  is  persisted  in,  the  retinal  changes  will  diminish  and  finally 
may  be  arrested.    The  atrophy  is  not  therefore  due  to  the  arsenic. 

Ocular  palsies  have  been  cleared  up  mfter  salvarsan,  facial  palsies 
as  well. 
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Chart  illustrating  the  fall  in  the  number  of  cerebrospinal  cells  following  salvarsan  therapy 
in  cerebrospinal  syphilis.     (Nichols  and  Hough.) 

Thus  far  the  following  symptoms  have  shown  improvement:  Pain 
crises,  ataxia,  external  and  internal  ocular  palsies,  bladder  and  rectal 
weakness,  impotence,  lost  or  diminished  knee-jerks,  facial  palsy,  optic 
atrophy,  loss  of  memory,  loss  of  appetite,  general  loss  of  strength  and 
vigor.  At  the  same  time  it  must  be  stated  that  all  of  these  symptoms 
have  been  noted  to  increase  in  severity. 

Of  recent  optimistic  expressions,  those  of  Dreyfuss,  working  in  Frank- 
fort, are  the  most  encouraging,  and  are  more  in  line  with  the  general 
trend  of  opinion  at  the  present  time  of  writing.  Among  other  things 
he  says  that  although  the  results  of  the  treatment  of  tabes  and  paresis 
do  not  permit  positi^'e  conclusions,  yet  they  point  in  a  hopeful  direction. 


Q.  ^    Ot  N 

Hi"'  2 

UJ        to  CO 


TABES 


399 


The  differences  in  results  reported — and  they  are  many— are  due 
hirgely  to  tiie  methods  of  treatment  employed. 

An  insufficient  treatment  of  tabes — i.  e.,  1.5  gram  of  salvarsan  or  its 
neosalvarsan  equivalent — either  has  no  influence  upon  tabes,  or  it  makes 
it  worse.  Should  those  patients  be  more  energetically  treated,  they 
show  marked  improvement,  even  when  the  initial  treatment  has  resulted 
in  a  definite  regression  of  the  patient's  condition.  Many  patients  cannot 
take  combined  salvarsan  and  mercurial  treatment,  although  other  things 
being  equal  a  combined  treatment  will  give  the  best  results. 

An  outline  of  such  an  energetic  combined  treatment  for  tabes — and 
for  paresis — is  as  follows: 


First  day  .  .  .  .0.03  calomel,  hypodermically 
Third  day     ....  0.05  calomel,  hypodermically 

Fifth  day      .     .  .  .0.4  salvarsan,  intravenously  Neo-salvarsan,  dose  iv 

Seventh  day  .     .  .  .0.5  salvarsan,  intravenously  Neo-salvarsan,  dose  v 

Ninth  day     .     .  .  0 . 05  calomel,  hypodermically 

Eleventh  day     .  .  .0.05  calomel,  hypodermically 

Thirteenth  day  .  .0.4  salvarsan,  intravenously  Neo-salvarsan,  dose  iv 

Fifteenth  day     .  .  .0.5  salvarsan,  intravenously  Neo-salvarsan,  dose  v 

Seventeenth  day  .  .  0 . 05  calomel,  hypodermically 


This  should  be  kept  up  for  a  six  weeks'  cure  with  careful  watching 
of  the  fluid  and  the  general  condition  of  the  patient,  until  about  twelve 
calomel  injections  are  given,  and  5.4  grams  of  salvarsan. 

This  is  only  a  scheme  showing  the  general  requirements.  Individu- 
alization is  very  important.  Certain  patients  can  follow  out  such  an 
intense  course,  in  others  one  must  go  more  slowly.  Certain  patients 
do  not  bear  calomel.  In  such  an  event  the  salicylate  or  enesol  may 
be  substituted.  Naturally  the  absolute  technique  of  the  salvarsan 
infusions  must  be  followed  out,  one  of  the  chief  requirements  being 
the  freshlv  distilled  water. 

A  definite  rise  in  temperature  is  a  contraindication  of  the  carrying 
out  of  too  energetic  a  program.  Influenza-like  symptoms,  with  general 
malaise,  slight  bronchitis,  constipation  are  definite  contraindications. 
Patients  should  rest  in  bed  at  least  a  day  or  two  after  the  salvarsan 
infusions.  In  fact,  in  following  out  such  a  cure  rest  in  bed  is  highly 
desirable. 

One  series  of  six  to  eight  weeks  is  not  always  sufficient.  It  should 
be  repeated  after  three  or  four  months  or  more.  Dreyfuss  notes  that 
if  at  least  5  or  6  grams  of  salvarsan  cannot  be  used  it  were  better  not 
to  use  salvarsan  at  all. 

The  Swift-Ellis  method,  already  outlined,  has  been  more  thoroughly 
tried  out  in  tabes  than  in  any  other  type  of  nervous  syphilis.  Here 
the  results  have  been  more  gratifying  than  in  any  other  form.  Whether 
this  seems  so  by  reason  of  the  slow  progress  of  tabes  cannot  as  yet  be 
determined,  but  the  action  of  the  therapy  upon  the  serobiological 
reactions  are  so  striking  as  to  demand  the  earnest  attention  of  all. 
We  here  append  some  of  the  results  obtained  in  some  of  Swift  and 
Ellis'  cases. 
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The  history  of  case  F.  II.  P.,  on  page  400,  shows  a  remarkable  active 
result  obtained  within  six  weeks. 

The  history  of  case  F.  B.,  on  page  401,  shows  a  closely  related  result. 
In  both,  intravenous  and  intraspinous  therapy  was  applied.  In  both 
cases  the  good  results  appear  more  strikingly  following  the  intraspinous 
injections. 

H.  G.  G.  (see  table  on  I3age  402),  treated  only  by  the  intraspinous 
method,  showed  excellent  results.  His  death  from  pneumonia  will 
permit  important  researches  to  be  made. 

Finally,  I  am  enabled  to  present  the  results  obtained  in  the  treat- 
ment of  14  patients  (see  table  on  page  403)  by  the  methods  outlined. 

Other  Specific  Therapy  for  Tabes. — In  a  very  suggestive  paper  on  the 
modern  treatment  of  syphilis,  Neisser  makes  the  remark  that  he  did 
not  intend  to  break  his  head  trying  to  decide  whether  salvarsan  was 
better  than  other  methods  of  treating  syphilis.  Some  of  the  good 
results  obtained  hy  the  use  of  salvarsan  in  the  treatment  of  tabes, 
sketched  in  the  preceding  paragraphs,  it  may  be  recalled  had  also  been 
obtained  in  many  cases  by  the  use  of  mercury.  In  a  few  instances  one 
spoke  of  the  arrest  of  the  tabetic  processes,  even  if  it  could  not  be 
claimed  that  a  cure  had  resulted.  Spontaneous  remissions  in  tabes 
have  been  known  for  years,  and  yet  in  the  main  the  results  of  mercurial 
therapy  in  tabes  have  been  disappointing.  It  will  therefore  be  years 
before  a  final  decision  can  be  reached  relative  to  the  value  of  salvarsan 
in  the  treatment  of  tabes. 

There  are  contraindications  to  the  use  of  salvarsan — these  are  the 
inconveniences,  and  at  the  present  time  a  full  energetic  course  of  sal- 
varsan therapy  as  outlined  may  be  an  economic  burden  to  many 
patients.  Furthermore,  as  has  been  pointed  out,  the  present  belief  is 
that  arsenic  and  mercury  combined  have  a  better  action  in  tabes  than 
either  alone.  It  is  therefore  desirable  to  outline  certain  methods  of 
using  mercury  in  the  treatment  of  tabes. 

It  is  recognized  that  neither  arsenic  nor  mercury  are  of  any  par- 
ticular service  in  restoring  degenerated  nervous  tissue.  Their  action 
is  chiefly  toxic  to  the  syphilitic  organism.  They  are  both  spirochetal 
poisons,  the  advantage  seeming  to  lie  with  salvarsan  in  the  rapidity 
of  its  action.  In  nervous  S}^philis  other  than  tabes,  its  action  is  cer- 
tainly more  rapidly  seen,  and  its  good  as  well  as  bad  effects  sooner 
apparent.  Yet  mercury  is  a  powerful  poison  to  the  syphilis  organism. 
But  arsenic  has  a  very  definite  action  upon  the  general  metabolism 
of  the  body  which  is  largely  missing  in  mercury,  and  it  has  certain 
claims  to  preference  by  reason  oJ  this  accessory  value. 

A  large  number  of  mercurial  preparations  are  available.  Neisser 
is  of  the  opinion  that  hypodermic  therapy  is  by  far  the  best;  yet 
there  are  not  wanting  those  who  prefer  inunction  or  oral  medication. 
The  injection  method  has  the  great  ad^■antage  of  more  accurate  dosage, 
it  being  almost  impossible  to  determijie  r)y  inunction  or  oral  medication 
how  much  mercury  is  being  taken  in.  This  is  particularly  true  for  j)ill 
medication.    The  use  of  a  comparati\'ely  large  amount  of  mercury  in 
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a  short  time  is  the  ideal  mode  of  killing  the  parasite  and  is  the  method 
to  be  aimed  at.  In  all  cases  the  medication  must  be  checked  by  cyto- 
logical  and  serological  examinations.  Many  patients  with  tabes  and 
showing  a  negative  blood  reaction  before  the  beginning  of  an  intensive 
therapy,  suddenly  show  a  positive  reaction  after  the  mercury.  These 
patients  are  among  those  who  appear  to  offer  good  results. 

Inunction  Treaiincnt. — Erb  has  repeatedly  been  an  advocate  of  the 
method  bv  mercurial  inunctions.  Sarbo  in  more  recent  times  has 
recommended  the  inunctions,  especially  in  the  treatment  of  the  eye 
palsies. 

Three  or  4  grams  of  unguentum  hydrargyri  are  used  daily  until 
30  to  40  grams  are  used.  One  can  follow  the  usual  routine  of  six  days' 
inunction  with  one  day  hot  bath.  If  this  dosage  is  well  borne  the  ad- 
ministration of  ointment  is  continued  until  120  to  160  grams  are  used. 
Following  this,  potassium  iodide  in  1  to  1|  gram  doses  daily  is  used  for 
six  to  eight  weeks,  when  a  new  course  of  inunctions,  using  120  to  160 
grams  of  the  ointment,  is  given.  Hj'^drotherapy  may  be  intermittently 
given,  or  be  reserved  until  the  end  of  the  inunctions. 

There  is  little  question  that  the  results  obtained  in  certain  patients 
with  tabes,  by  the  inunction  treatment,  are  encouraging,  but  many 
of  the  most  promising  show  relapses. 

Salicylates. — Salicylate  preparations  have  their  advocates.  A  number 
are  on  the  market.  Enesol  is  one  of  the  most  convenient,  although 
the  galenical  salicylate  is  as  efficacious.  Schaffer  (loc.  cit.)  recommends 
enesol  highly.  A  number  of  excellent  results  have  been  obtained  by 
the  early  and  energetic  use  of  the  salicylate  preparations  in  ocular 
palsies,  loss  of  knee-jerks,  bladder  disturbances,  ataxia,  gastric  crises, 
cutting  pains. 

The  salicylates  (enesol,  lin;  salicarsenat)  are  given  in  doses  of  2  c.c. 
(0.06  gram)  every  second  day  for  20  to  30  doses.  They  are  administered 
hypodermically,  intramuscularly,  usually  in  the  thigh  or  buttocks. 
One  must  be  on  one's  guard  against  abscess  formation  by  using  the 
strictest  asepsis  and  the  best  materials. 

Other  soluble  salts  are  the  biniodide,  much  praised  by  Fournier, 
the  benzoate,  the  bichloride,  and  the  cyanide.  I  believe  them  to  be 
inferior  to  the  salicylates  in  general,  but  idiosyncrasies  often  arise 
whereby  one  preparation  is  not  as  well  borne  as  another. 

As  the  hypodermic  methods  have  been  described  in  detail  elsewhere 
in  the  treatment  of  cerebral  syphilis  (p.  332)  I  shall  not  repeat  them 
here. 

Epidural  and  Subdural  Injections. — The  clearer  appreciation  that  a 
meningeal  process  in  the  posterior  root  areas  is  responsible  for  the 
pains  in  tabes  has  led  to  a  direct  attack  by  epidural  and  subdural 
injections.  Mercurial  preparations  (biniodide)  were  injected  directly 
into  the  subdural  spaces.  Collargol  was  also  used  in  a  similar  manner. 
Fibrolysin  was  also  employed.  Electromercural  gave  surprising 
results  according  to  Mestrezath  and  Sappey.  The  mercury  was  tliought 
to  act  directly  upon  the  posterior  roots,  inducing  a  compensatory 
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meningeal  irritation.  There  results  at  first  an  increase  in  the  pains 
with  later  subsidence.    The  method  is  still  too  new  to  decide  upon. 

Sicard  and  Cathelin  advise  epidural  injections  acting  upon  the  nerve 
roots  in  the  sacral  canal.  Cocaine  in  10  per  cent,  and  stovaine  in 
4  per  cent,  solutions  are  employed.  These  proceedings  are  preliminary 
to  the  more  radical  or  Forster  operations. 

' .  The  treatment  for  arthropathies  is  surgical.  Other  features  of  the 
therapy  wiW  be  discussed  under  "general  management,"  following  the 
section  on  spinal  syphilis. 

7.  SYPHILITIC  PSYCHOSES 

Here  will  be  discussed  forms  of  mental  disturbance  other  than  paresis, 
and  also  those  which  have  not  been  specifically  dealt  with,  as  such, 
in  the  section  on  cerebral  syphilis. 

The  anatomical  researches  of  Alzheimer,  the  cytological  work  of 
Plant,  not  to  quote  the  many  others,  have  tended  to  bring  into  the 
foreground  other  forms  of  mental  disturbance — mostly  of  an  acute 
or  subacute  character,  conditioned  by  the  syphilitic  virus,  and  yet 
which  do  not  comport  in  general  to  the  mental  disturbances  already 
outlined. 

Forms. — Neurasthenia. — Kraepelin  speaks  of  a  syphilitic  neuras- 
thenia— a  form  of  mental  disturbance  much  written  upon  by  earlier 
authors.  We  are  not  speaking  of  the  preneurasthenic  phase  of  a  cerebral 
syphilis  or  of  a  paresis.  It  is  apt  to  appear  shortly  after  infection  and 
manifest  itself  in  a  nervous  discomfort,  difficulty  in  thinking,  irrita- 
bility, disturbance  of  sleep,  pressure  in  the  head,  variable  and  changeable 
discomfort  and  pain.  To  these  may  be  added  slight  depression,  dizzi- 
ness, confusion,  anxiety,  slight  difficulty  in  finding  w'ords,  temperature 
variations,  paresthesise,  and  nausea. 

Many  students  prefer  to  interpret  these  symptoms  as  a  direct  result 
of  the  infection,  and  not  as  a  circumscribed  syndrome;  but  slight 
vascular  changes,  minute  pupillary  alterations,  and  particularly  evi- 
dence of  meningeal  irritation  as  shown  by  the  spinal-fluid  1^'mphocA'tosis, 
point  in  the  direction  of  its  being  something  more  than  a  simple  in- 
fectious reaction. 

Pseudoparesis. — A  common  mental  picture  is  that  of  syphilitic 
pseudoparesis.    This  has  already  been  described. 

Delirious  Confusion. — ^A  somewhat  related  picture  is  that  form  em- 
phasized by  Marcus  under  the  title  of  a  delirious  confusion.  It  may 
come  on  in  the  first  year  after  infection  or  much  later.  The  onset 
is  usually  rapid,  there  is  much  psychomotor  activity,  insomnia,  and 
anxiety.  Confusion  for  persons  and  objects,  disorientation  in  time  and 
place  and  various  auditory,  optic,  and  haptic  hallucinations  are  present. 
The  patients  are  much  frightened,  often  greatly  excited,  homicidal  or 
suicidal. 

At  times  there  is  little  to  call  attention  to  a  syphilitic  etiology;  with 
some,  however,  cranial  nerve  affections  point  to  the  causative  factor. 


Fig.  1 


Brain  of  a  Patient  with  a  Syphilitic  Psychosis  of  Acute  Maniacal  Type. 
Enlarged  and  Engorged  Vessels.     Syphilitic  Meningitis. 


Fig.  2 


Patient  with  a  Chronic  Syphilitic  Psychosis  of  Maniacal  Type. 
Syphilitic  Leptomeningitis,  Pachymeningitis. 
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Certain  confusional  patients  develop  a  typical  Korsakow  syndrome. 
There  is  no  polyneuritis  as  a  rule.  'There  is  disorientation,  loss  of 
attention,  amnesia,  confabulation,  witli  periodic  somnolent  attacks. 

Psychosis  Simulating  Manic-depressive  Type.  —  Westphal  has  called 
attention  to  a  small  group  of  patients  whose  psychoses  resemble  those 
of  the  manic-depressive  type.  In  the  manic  phase  they  resemble  the 
more  lucid  expansive  paretics.  A  slight  depression  ushers  in  a  mild 
euphoria,  with  unrest,  irritability,  slight  lapses  in  memory,  with  ideas 
of  grandeur  and  hallucinations,  particularly  of  hearing,  often  perse- 
cuting in  character.  Finck  has  studied  the  false  manic-depressives, 
and  comments  on  the  frequency  of  hallucinations  of  hearing. 

Ballet  has  described  depressed  forms,  often,  however,  premonitory 
to  paresis. 

Plant  has  shown,  b}'  means  of  the  cytological,  serological  tests,  the 
syphilitic  nature  of  these  forms  of  mild  meningitis  and  has  differentiated 
them  from  paresis  largely  by  reason  of  the  high  lymphocj'tosis,  and 
negative  fluid  Wassermann. 

Psychoses  Simulating  Paranoid  Types  of  Dementia  Praecox. — A  certain 
number  of  syphilitic  psychoses  have  come  under  observation  whose 
clinical  picture  has  closely  resembled  the  paranoid  types  of  dementia 
prsecox.  Hebephrenic  and  catatonic  resemblances  have  also  been 
described  (Ilberg,  Westphal).  These  forms  present  a  number  of  ex- 
tremely difficult  diagnostic  problems.  Hallucinations,  chiefly  of  hearing, 
and  delusions  of  persecution  occupy  a  predominant  position  in  the 
clinical  picture,  physical  signs  being  minimal  or  absent.  A  characteristic 
slow  development  takes  place  with  moodiness,  irritability,  anxiety, 
and  suspiciousness.  Ideas  of  jealousy  and  of  persecution  are  frequent. 
The  patients  believe  themselves  to  be  watched  on  the  streets,  are 
insulted,  made  fun  of,  or  sworn  at.  They  are  spied  upon,  cheated, 
attempts  are  made  to  poison  them.  The  hallucinatory  voices  come 
over  the  telephone,  from  the  police,  from  within  their  own  bodies,  from 
beneath  the  bed.  Optical  pictures  may  be  hallucinated  as  well,  and 
more  of  the  patients  feel  sick:  they  have  "hypochondriasis."  Occasion- 
ally ideas  of  sinfulness  are  expressed,  and  in  some,  ideas  of  grandeur 
of  the  type  seen  in  paranoid  types  of  dementia  prsecox.  Consciousness 
is  usually  uninvolved,  orientation  unimpaired,  or  occasional  confusional 
periods  may  lead  to  mistakes  in  objects  and  persons  of  the  environ- 
ment. Memory  may  be  perfect,  or  at  times  slightly  impaired.  Again, 
there  is  much  memory  defect. 

The  emotional  state  varies  greatly  in  this  group.  Kraepelin  describes 
them  as  depressed,  crying,  anxious,  quiet,  irritable,  busy,  quarrelsome, 
self-conscious,  or  euphoric.  On  the  whole,  there  is  a  certain  blunting 
of  the  sensibilities  with  indifference  or  lack  of  interest  in  the  situation. 
The  general  impression  is,  for  the  most  part,  of  superficiality.  Occa- 
sionally violent,  impulsive  activity  shows  itself  in  a  manner  quite 
similar  to  that  seen  in  hebephrenics.  Mild  attacks  of  fainting,  dizziness, 
transitory  aphasia,  mild  epileptiform  lapses,  not  unlike  those  seen  in 
schizophrenia,  have  been  recorded  for  this  group  of  patients. 
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The  conduct  mirrors  the  emotional  state  more  or  less  closely.  These 
patients  are  usually  quiet  and  fairly  obedient. 

Physical  signs,  frequently  overlooked  by  their  minimal  and  isolated 
development,  are  present  in  the  majority  of  the  patients.  Pupillary 
anomalies,  modified  knee-jerks,  clonus,  Babinski,  nystagmus,  ocular 
pareses,  noises,  mild  ataxias,  weakness  of  the  bladder,  mild  changes  in 
speech  and  in  writing,  are  among  the  more  frequent  of  these  syphilitic 
signs.  There  is  also  marked  increase  in  lymphocj^tes  in  the  cerebro- 
spinal fluid,  and  half  of  the  cases  show  a  positive  blood  Wassermann. 

The  psychosis  may  occur  early,  may  be  late  after  infection,  and  may 
even  be  a  part  of  a  congenital  syphilis.  The  course  is  usually  very 
chronic,  and  it  may  show  long-standing  remission  after  a  fairly  sub- 
acute course.  The  usual  later  development  is  that  of  peculiar  dementia, 
occasionally  accompanied  by  the  negativisms,  mannerisms,  stereo- 
typies, and  other  peculiarities  known  to  occur  in  the  more  classical 
prsecox  situations. 

Kraepelin  is  inclined  to  believe  that  such  syphilitic  psychoses  are 
not  infrequent.  They  are  separated  from  dementia  precox  at  times 
with  difficulty.  Pathologically  their  syphilitic  nature  has  been  demon- 
strated, particularly  in  certain  patients  studied  by  Plaut  and  Alzheimer. 
(Plant,  loc.  cit.) 

Their  affinity  to  certain  tabetic  psychoses  is  of  much  interest.  The 
possibilities  of  syphilis,  plus  dementia  prsecox  should  alv/ays  be  borne 
in  mind,  but  the  discussion  of  this  aspect  of  the  problem  must  be 
found  in  works  on  psychiatry  (Bleuler). 

Tabetic  Psychoses. — These  can  be  outlined  only  categoricall3^  One 
distinguishes : 

(a)  Mild  psychic  disturbances  (depression  hj'pochondriasis,  irrita- 
bility, etc.). 

(6)  Taboparetic  association  (cerebral  syphilis). 

(c)  Syphilitic  dementia  with  tabes. 

(d)  Associated  psychoses  with  tabes. 

(e)  Sensory  syndromes — with  paranoid  coloring. 
(/)  Tabetic  psj^choses  properly  speaking. 

The  most  striking  of  this  group  are  those  with  paranoid  coloring. 
Treatment. — The  treatment  of  these  syphilitic  psychoses  is  that  for 
cerebral  syphilis  in  general  and  need  not  be  repeated  here. 

8.  SYPHILITIC  MENINGOMYEUTIS 

Nonne  has  devoted  a  large  portion  of  his  noted  monograph  to  a 
consideration  of  the  lesions  of  syphilis  of  the  spinal  cord  and  its  mem- 
branes. This  is  a  general  indication  of  its  extreme  frequency,  yet  most 
patients  showing  syphilitic  lesions  of  the  cord  also  show  signs  in  the 
brain  or  its  meninges.  They  are  nearly  all  examples  of  cerebrospinal 
syphilis.  For  practical  purposes,  however,  it  has  been  found  of  value 
to  arbitrarily  divide  this  large  conglomerate  and  discuss  it  under  two 
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captions:  Cerebral  syphilis  and  spinal  syphilis  or  meninp:omyelitis. 
This  means  simply  that  we  are  dealing  witii  cerebrospinal  s.\philis 
with  predominant  cerebral  and  minor  spinal  symptoms  on  the  one  hand, 
and  with  predominant  spinal  and  nerve  root,  with  less  prominent  cere- 
bral signs  on  the  other.  It  has  again  seemed  advisable  to  accentuate 
the  purely  arbitrary  nature  of  all  such  classifications. 

Principal  Symptoms. — In  considering  meningomyelitis  as  a  unit 
we  find  cause  for  further  emphasis  upon  separable  symptom  groups. 
\Yithin  this  conglomerate  again  practical  neurology  shows  four  fairly 
clear  tendencies: 

1.  Syndromes  due  to  pronounced  meningeal  implication. 

2.  Syndromes  due  to  root  and  cauda  equina  disease.  Radiculitis, 
neuritis. 

3.  Mvelitis  svndromes  due  to  indiscriminate  transverse  disease. 

4.  Syndromes  of  less  extensive  transverse  lesions  and  fiber  tract 
isolation.    System  syndromes. 

A  combination  of  all  would  make  a  complete  meningomj-elitic 
syndrome.  This  is  a  not  unusual  picture  in  a  rapidly  developing  case; 
in  its  more  chronic  course  the  emphasis  seems  to  be  laid  upon  one  or 
another  of  the  just  mentioned  groupings. 

These  are  characteristic  syndromes  of  the  early  and  secondary 
stages  of  syphilis.  The  syndromes  may  develop  within  a  few  months 
after  infection,  or  only  come  on  after  many  years.  In  the  former 
case  the  acute  myelitic  changes  are  frequent,  also  root  lesions  (many 
neuralgias,  sciatica,  etc.).  The  later  developing  cases  show  more 
the  systemic  lesions  and  gradually  advancing  meningopathies  (later 
secondary  meningitis),  with  compression  (spastic)  phenomena. 

In  all  one  expects  to  obtain  a  positive  blood  Wassermann;  cerebro- 
spinal fluid  Wassermann  is  negative,  save  with  large  quantites  of  fluid; 
lymphocytosis  is  frequent — often  the  cell  count  being  very  high,  always 
indicating  the  grade  of  meningeal  involvement.  The  lymphocytes 
are  not  found  before  the  stage  of  roseola;  are  abundant  in  the  active 
secondary  stages,  and  less  frequent  in  the  tertiary  stages  of  a  meningo- 
myelitis.  The  protein  content  varies  considerably. 

1.  Meningeal  Syndromes.— Severe  pains  are  signs  of  meningeal  in- 
volvement. They  shoot  across  the  shoulder-blade,  in  the  neck,  across 
the  hips,  dart  down  the  arms  or  legs  and  cause  stiffness  of  the  neck, 
the  shoulders  and  the  thighs.  The  spinal  column  is  usually  sensitive 
to  pressure,  and  to  percussion,  and  local  intensities  may  show  both 
these  signs,  and  also  the  peripheral  signs  of  a  definite  zone  localization. 

Pain  is  frequently  preceded  by  paresthesijB,  the  crawling  of  ants, 
numbness,  and  coldness.  There  is  then  a  gradual  increase  in  the  reflex 
excitability  of  the  cord,  due  to  pressure  and  evidenced  by  increased 
knee-jerks,  possible  Babinski  sign,  Oppenheim  or  Chaddock  signs. 
When  pressure  is  exerted  in  the  sacral  segments,  bladder  and  rectal 
disturbances  are  frequent. 

With  chronic  meningeal  thickening  these  pressure  symptoms  increase 
markedly,  and  spastic  paretic  phenomena  augment,  especially  when 
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guramata  add  their  special  pressures.  Giimniata  may  give  rise  to  a 
"cord  tumor"  syudrome. 

Root  Syndromes. — Here  paiu  is  frequeut  and  neuritic  atrophies 
appear.  Sensory  losses  of  a  root  distribution  are  in  evidence.  Many 
show  the  characteristic  reversal  of  epicritic  -touch  loss  being  less  exten- 
si\'e  than  protopathic  pain  loss  as  pointed  out  by  Head  as  pathognomonic 
of  radicular  lesions. 

The  atrophy  of  the  muscles  also  follows  the  radicular  distribution. 

Many  obstinate  neuralgias  are  due  to  syphilitic  radicular  disease. 
Possibly  one-half  of  the  sciaticas  are  of  this  nature.  Dejerine  has  put 
them  as  high  as  80  per  cent,  in  Paris.  A  very  large  proportion  of  the 
brachial  neuralgias,  so  long  looked  upon  as  rheumatic  or  gouty,  or 
what  not,  are  due  to  a  syphilitic  root-meningitis. 

Neuritic  muscular  atrophy,  from  pressure  on  the  anterior  roots,  is 
further  complicated  by  pressure  on  the  anterior  horns  by  the  thickened 
meninges.  Thus  very  anomalous  atrophies  result.  When  occurring 
in  the  seventh  cervical  and  first  dorsal  region  one  obtains  classical 
Klumpke  paralysis  with  dilatation  of  the  pupil,  and  narrowing  of  the 
palpebral  fissure  of  the  aft'ected  side.  Lower  localizations  result  in 
intercostal  palsies,  back  muscle  atrophies,  hip  girdle,  thigh,  or  cauda 
lesions.  In  this  latter  situation  striking  dissociations  are  obtained, 
as  in  the  upper  arm  region,  and  radicular  sensory  disturbances  and 
lost  reflexes  are  the  rule  with  atrophies.     (Plate  XXXVII,  Fig.  1.) 

Myelitic  Syndromes. — These  indicate  the  complete  involvement  of  the 
cord,  and  also  point  to  intramedullary  vascular  disease,  rather  than 
to  a  meningeal  lesions.  Complete  flaccid  palsy  is  the  usual  lesion. 
This  is  combined  with  sensory  loss  as  well.  The  completeness  of  the 
sensory  loss  varies  considerably,  and  points  to  the  severity  of  the  lesion. 
Absence  of  a  lymphocytosis  points  to  a  purely  vascular  and  usually 
focal  lesion  within  the  cord.  The  bladder  and  rectal  functions  are 
implicated  as  well. 

In  the  regressive  stage  an  increase  in  spasticity  marks  the  subsidence 
of  the  inflammatory  reaction,  and  many  anomalous  syndrome  mixtures 
result.  This  phase  of  meningomyelitis  offers  abundant  opportunity 
for  a  very  heterogeneous  syndrome. 

A  Brown-Sequard  complex,  poliomyelitis,  tabetic  syndrome  with 
atrophy,  amyotrophic  lateral  sclerosis  syndrome — these  are  but  a  few 
of  the  possible  combinations. 

Spastic  System  Syndrome. — These  occur  not  so  much  as  residuals 
of  the  previous  myelitic  changes,  nor  as  due  to  meningeal  compressions, 
but  represent  disease  in  or  about  the  long  motor  tracts,  tractus  cortico 
spinalis  especially.  They  give  rise  to  the  forms  of  primary  lateral 
sclerosis  (Erb),  some  combined  scleroses,  and  particularly  to  clinical 
pictures  closely  resembling  multiple  sclerosis. 

Special  localization  of  one  or  more  of  these  forms  of  meningeal  syphilis 
give  rise  to  the  special  forms  of  hypertrophic  cervical  pachymeningitis, 
which  have  been  described  by  Joffroy  and  Charcot,  and  to  Kahler's 
disease. 


PLATE  XXXVU 


Fig.  2 


Brain  of  Juvenile  Paretic  showing  Cortical  Atrophy 

and  Pial  Attachment. 


SYPHILITIC  MENINGOMYELITIS 


411 


In  ht/pertrophic  cervical  pachymeningiiis  one  finds  an  enormous  thick- 
ening of  the  meninges,  with  or  without  gummata,  and  located  in  the 
cervical  region.  Here  root  and  compression  symptoms  are  present. 
Pains  in  the  neck  and  shoulder,  stiffness  of  the  cervical  spine,  shooting 
pains  down  the  arms.  Sensory  loss  may  then  show,  particularly  to 
pin  prick,  with  relatively  intact  sensibility  to  cotton-wool.  The  ulnar 
and  median  are  particularly  implicated.  Fibrillary  contraction  of  the 
muscles,  atrophy  and  loss  of  electrical  excitability  occur.  The  preacher's 
liantl  is  one  of  the  frequent  expressions  of  the  involvement  of  the 
brachial  plexus  in  the  cervical  meningitis. 

Treatment  of  Spinal  Syndromes. — The  treatment  of  the  various 
modifications  of  meningomyelitis,  of  radiculitis  as  syphilis,  need  not 
be  considered  further  in  this  place.  Enough  has  been  said  concerning 
the  treatment  of  nervous  syphilis  as  such  to  obviate  repetition.  The 
various  syndromes  mentioned  on  the  preceding  sections  make  up  a  very 
large  quota  in  nervous  syphilis.  Syphilitic  radiculitis  (mostly  sciatica, 
not  infrequently  brachial)  is  an  extremely  common  syndrome  in  private 
as  well  as  in  hospital  practice,  and  one  which  reacts  very  favorably 
to  energetic  specific  therapy. 

As  in  tabes,  the  Swift-Ellis  procedure  is  logically  applicable  to  other 
spinal  syndromes.  Here  it  is  that  one  can  expect  to  get  most  valuable 
results  if  direct  application  of  a  spirocheticidal  remedy  is  to  prove  of 
any  advantage  at  all.  In  the  few  patients  thus  far  under  treatment 
the  results  obtained  have  been  hopeful.  The  table  of  one  such  patient 
is  presented  by  courtesy  of  the  waiters  (see  page  412). 

A  further  striking  and  rapid  result  obtained  by  the  use  of  intraspinous 
injections  alone  is  highly  significant  in  a  case  of  syphilitic  spinal 
meningitis  (radiculitis)  (see  page  413). 

But  this  section  will  be  devoted  to  the  general  care  of  the  syphilitic 
patient,  and  the  treatment  of  certain  complications  which  may  arise 
in  the  course  of  the  various  syndromes. 

Diet  is  of  some  importance.  Alcohol  in  all  forms  is  to  be  avoided. 
Occasionally  it  is  of  value  as  a  mild  gastric  irritant.  Individual  habits 
of  diet  may  be  uninterfered  w'ith  if  they  have  never  shown  particularly 
bad  results.  Dietary  fads  and  superstitions  should  be  avoided  as  far 
as  possible.  There  still  exist,  even  in  modern  works  on  dietetics,  many 
of  the  legends  and  myths  relative  to  foods  which  originated  in  their 
use  in  sacrificial  and  religious  rituals.  Red  meats,  pork,  underground 
vegetables,  etc.,  these  have  been  taboo  for  centuries — solely  because 
of  certain  mystical  or  religious  rites,  not  on  the  grounds  of  rational 
dietetics. 

The  human  mind  is  still  so  primitive  that  it  is  hard  to  get  aw^ay 
from  its  superstitions  relative  to  foods.  Hence  we  say  the  matter  of  the 
kind  of  food  is  relatively  unimportant.  In  many  instances  the  form 
of  the  food  becomes  of  moment.  In  comatose,  paralyzed,  dysphagic 
patients  great  care  is  needed  during  feeding  to  avoid  choking  or  the 
production  of  inhalation  pneumonia.  Rectal  feeding,  or  tube  feeding, 
may  thus  become  a  necessity. 
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Patients  with  cerebral  signs  should  he  kept  in  bed,  in  a  quiet  and 
darkened  room,  and  when  mildly  delirious  as  few  friends  as  possible 
should  be  permitted  to  see  the  patient,  and  only  those  witli  sense 
and  tact  who  can  comprehend  and  thus  help  the  patient  to  manage 
his  phantasy  thinking. 

^  In  many  of  the  patients  with  meningomyelitis  certain  complica- 
tions are  apt  to  develop.  These  are  bed-sores,  cystitis,  incontinejice. 
Bronchopneumonia  is  frequent.  Good  nursing  is  extremely  impcjrtant 
in  the  early  periods  while  the  antisyphilitic  remedies  are  making  their 
impress  upon  the  spirochetes. 

Bedridden  patients  should  be  placed  upon  specially  constructed  air- 
or  water-beds  when  possible.  Great  care  should  be  exercised  in  main- 
taining cleanliness.  Wet  and  soiled  sheets  are  responsible  for  skin 
infections;  hence  pads  or  special  means  of  taking  care  of  urine  and 
feces  are  indicated. 

The  skin  should  be  carefully  gone  over  every  day,  the  back,  heels, 
and  buttocks  protected,  carefully  cleaned  with  antiseptics  and  alcohol, 
and  dusted  with  antiseptic  powder.  In  myelitis  patients,  sacral  bed- 
sores are  prevented  only  by  the  greatest  vigilance.  The  conflict  in 
syphilitic  myelitis  is  usually  won  as  soon  as  the  spinal  changes  com- 
mence to  react  to  the  medication.  If  a  bed-sore  does  occur,  it  should 
be  treated  surgically. 

Cj^stitis  is  a  frequent  complication  of  meningomyelitis,  as  well  as 
of  other  forms  of  cerebral  syphilis — of  paresis  and  of  tabes.  The 
greatest  care  must  be  taken  to  avoid  sepsis  in  the  bladder  and  its 
extension  to  the  kidneys.  Catheters  must  be  used  only  when  needed. 
Neglect  to  catheterize  is  a  not  infrequent  oversight  in  treating  dull 
or  comatose  patients. 

Urinary  decomposition  is  checked  by  antiseptics,  benzoates,  uro- 
tropine;  at  times  the  bladder  is  in  need  of  irrigation,  boric  acid,  hydrogen 
peroxide,  or  other  genito-urinary  antiseptic  should  be  employed. 

Special  bladder  treatment  in  tabes  is  often  illusory,  especially  when  it 
serves  to  hide  the  fact  that  the  bladder  disturbance  is  due  to  tabes. 
Treatment  of  the  bladder  should  go  on  jmri  yassu  with  the  treatment 
of  the  tabes.  The  notion  that  cure  of  a  tabes  may  come  through 
the  treatment  of  the  bladder  is  superstition,  if  not  worse. 

The  nervousness,  irritability,  restlessness,  and  insomnia  of  many  of 
these  patients  in  the  beginning  of  their  nervous  syphilis  should  call 
for  careful  inquiry,  and  not  the  lazy  handing  over  of  bromides  and 
hypnotics.  It  may  be  stated  that  the  signs  just  enumerated  should 
never  be  treated  by  bromides  and  hypnotics  until  the  physician  knows 
what  he  is  treating.  Nervousness,  irritability,  sleeplessness  as  such, 
should  never  be  treated.  Why  is  the  patient  nervous,  irritable,  sleepless? 
One  is  too  prone  to  accept  the  lay  idea  that  such  signs  may  come  into 
existence  without  cause.  They  have  either  a  psychical  or  a  bodily- 
origin.  If  the  former  they  should  not  be  treated  by  drugs.  Sucli  is 
superstitious,  magical  therapy.  If  tliey  are  of  somatic  origin,  this  should 
be  inquired  into.    The  symptomatic  therapy  of  the  conditions  just 
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mentioned  leads  to  most  appalling  drug  habits,  and  most  dramatic 
trajredies.  When  too  late  one  finds  that  "nervousness"  had  too  real 
a  disease  process  behind  it. 

The  pains  of  meningomyelitis,  often  neuralgic,  neuritic,  may  need 
special  attention  other  than  the  specific  medication.  The  analgesics 
already  mentioned  while  speaking  of  the  pains  of  tabes  (p.  381)  may 
be  used,  but  never  should  they  be  employed  if  one  simply  is  treating 
pain  independent  of  its  etiology. 

9.  CONGENITAL  OR  HEREDITARY  SYPHILIS 

It  is  thought  that  Paracelsus  (1529)  was  the  first  to  teach  that  syphilis 
might  be  transmitted  to  the  child  through  the  sperm  cells.  Ambroise 
Pare,  a  hundred  years  later,  spoke  of  children  coming  from  their  mother's 
womb  aft'ected  with  this  disease.  Astruc,  two  hundred  years  later, 
made  the  definite  statement.  John  Hunter  (1786)  introduced  confusion 
into  this,  as  in  all  of  the  rest  of  the  syphilitic  questions,  by  his  arbitrary 
rejection  of  all  of  the  evidence.  Fournier  in  recent  times  has  given  the 
most  extended  studies  which  hardly  exaggerate  the  entire  situation. 
At  all  events  congenital  syphilis  is  not  by  any  means  rare,  and  presents 
itself  in  a  vast  variety  of  clinical  forms. 

Effect  of  Hereditary  Syphilis. — Serological  studies  have  thrown 
much  light  on  the  question  of  the  mode  of  transmission.  This  cannot 
be  entered  upon  here.  These  studies,  as  particularly  carried  out  by 
Plant,  Mott,  and  others,  have  shown  the  enormous  importance  of  trans- 
mitted syphilis  in  the  pernicious  effects  upon  the  nervous  sj^stem. 
Linser,  moreover,  has  shown  that  two-thirds  of  the  children  of  syphilitic 
parents  show  a  positive  Wassermann  reaction,  although  much  fewer 
show  signs  of  congenital  syphilis. 

It  may  be  recalled  that  Fournier  stated  the  proportion  as  high  as 
98  per  cent.,  and  that  68.5  per  cent,  of  the  children  died.  This  does 
not  include  the  aborted  ofi'spring.  Should  these  be  reckoned  one  could 
obtain  a  true  idea  of  the  morbidity  of  syphilis  in  the  young.  Hochsinger 
reports  an  interesting  group  of  cases  in  this  connection.  In  72  families 
there  was  paternal  syphilis.  The  mothers  were  not  syphilitic.  Seventy 
mothers  gave  birth  to  307  children— 110  stillborn,  166  syphilitic,  and 
31  healthy.  The  healthy  children  were  all  the  last  born  save  in  four 
instances. 

Of  the  children  of  tabetics  and  paretics,  one  obtains  the  same  story 
from  Mott,  Mendel,  and  others.  Either  no  children,  many  abortions, 
many  dead  children,  few  living,  and  no  one  knows  as  yet  the  fate  of 
these.  Certainly  one-half  are  doomed  to  disease  and  disorder  of  the 
nervous  system. 

It  would  appear  that  the  common  efl'ect  of  such  syphilitic  infection 
is  to  reduce  the  resistances  of  tlie  body  and  its  powers  for  full 
development  both  in  the  general  body  and  nervous  tissues.  Syphilis 
dnninishes  the  vital  energy  of  the  germ  plasm  prior  to  conjugation,  and 
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can  cause  pathological  variations  in  nervous  structures,  just  as  it  can 
transmit  the  disease  through  the  germ  cells.  The  abundant  studies 
on  alcohol  and  its  influence  on  the  germ  cell  affords  an  analogy  in 
understanding  how  this  takes  place  with  another  type  of  toxemia. 


FiQ.  31 


Diseased 
Club  Foot 

Congenital  syphilis:  Mother  syphilitic.  Four  children  born  dead;  fifth,  frail,  skin  syphilitic; 
sixth,  paretic  at  fourteen  years;  seventh,  well;  eighth,  well;  ninth,  well;  tenth,  convulsions  at  ten 
months;  eleventh,  brain  disease  and  club-foot;  twelfth,  well.  (Mott.) 

The  classical  formula  of  Fournier  seems  to  hold — abortion,  dead 
child,  early  death,  living  healthy  child.  This  is  in  need  of  amend- 
ment; it  is  worse.  The  formula  reads.  Complete  sterility,  miscar- 
riage, abortion,  stillbirths,  children  dying  in  infancy  or  convulsions, 
marasmus,  meningitis,  hydrocephalus.  Then  follow  children  who  are 
comparatively  healthy,  but  who  in  later  life  develop  late  hereditary 
syphilis. 

Fig.  32 


Congenital  syphilis:  Two  miscarriages;  two  children  dying  at  seven  and  fifteen  months;  fifth 
child  dying  at  age  of  twenty-three  of  chronic  syphilitic  arteritis,  small  hemorrhagic  softenings  in 
basal  ganglia;  last  child  died  at  age  of  sixteen  months.  (Mott.) 

Mott  has  given  us  a  series  of  instructive  family  trees,  which  are 
worthy  of  reproduction. 

The  general  problem,  notwithstanding  its  interest,  must  not  detain 
us  here,  nor  can  we  insist  upon  the  general  signs  of  hereditary  syphilis, 
save  but  to  say  that  they  tell  but  a  small  part  of  the  truth.  What 
information  is  obtainable  about  the  nervous  system?    A  late  study 
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by  Hochsinger  (1911)  says  that  of  208  chilflren  of  syphilitic  parents 
who  had  been  under  observation  over /four  years,  89  (or  4.'i  per  cent.) 
had  some  disease  of  the  nervous  system.  Of  these  there  were  9 
cases  of  hydrocephahis,  2  of  Little's  syndrome,  6  epileptics,  2  paresis, 
1  tabes,  6  Argyll-Robertson  pupil,  36  extremely  neurotic,  5  hysterical, 
14  chronic  headaches,  10  imbeciles.  This  is  in  strange  contrast  to  the 
statements  of  Jonathan  Hutchinson,  who  but  a  few  years  ago  taught 
that  hereditary  nervous  syphilis  was  negligible. 

It  has  been  abundantly  shown  that  nearly  every  form  of  adult  syphilis 
of  the  nervous  SN'stem  can  be  encountered  in  hereditary  syphilis,  and, 
as  Mott  well  says,  if  congenital  syphilis  were  not  so  fatal  to  infant  life, 
the  number  of  people  suffering  from  brain  disease,  from  s^'philis,  would 
be  appalling.  It  would,  therefore,  be  of  little  service  to  repeat  what 
has  already  been  written  regarding  nervous  syphilis  of  adults  as  it 
appears  in  children,  and  the  present  discussion  will  be  limited  to  a 
consideration  of  such  forms  of  juvenile  nervous  syphilis  as  are  present 
only  in  children.  These  are,  particularly,  certain  forms  of  feeble-minded- 
ness,  of  hydrocephalus,  ependymitis,  Friedreich's  ataxia,  primary  optic 
atrophy,  and  encephalitides  or  encephalomalacias,  leading  to  various 
hemiplegic  syndromes,  often  loosely  grouped  together  as  Little's 
disease.  Juvenile  paresis  and  juvenile  tabes  are  among  the  commonest 
congenital  disorders  of  later  infancy  or  adolescence. 

Congenital  syphilis  of  the  nervous  system  may  show  itself  before 
or  at  birth;  it  may  develop  in  the  earliest  infancy  or  in  adolescence; 
it  may  develop  as  late  as  20,  or  even  42  to  43  years  (JMiiller).  How 
long  may  the  virus  remain  latent,  finall}^  to  develop  a  definite  syphilitic 
reaction?  As  yet  the  answer  will  depend  upon  the  general  bias  of  the 
answerer,  rather  than  upon  empirical  data.  It  would  appear  from  the 
evidence  to  hand  that  no  definite  age  limit  can  be  put  upon  the  time 
when  such  a  latent  factor  becomes  activated  by  causes  as  yet  unknown. 
That  an  activator  of  some  sort  plays  a  role  in  such  disorders  as  tabes 
and  paresis  seems  at  present  a  justifiable  hypothesis.  When  a  new- 
born child  known  to  have  been  syphihtic  biologically  can  be  followed 
throughout  life,  his  serum  reactions  being  tested  from  year  to  year, 
as  is  now  being  done,  then  the  question  can  be  finally  decided 

In  this  connection  a  line  may  be  devoted  to  the  subject  of  congenital 
syphilis  "unto  the  third  generation."  While  of  late  years  doubts  have 
been  accumulating  relative  to  this  matter,  certain  positive  cases  are 
being  reported.  The  following  chart  illustrates  an  observation  of 
Mott's  recently  reported  (1912), 

The  rationale  of  this  seems  plain  in  view  of  the  observations  of  recent 
years  made  by  Levaditi,  Bab,  and  others,  that  Treponema  pallidum  may 
be  found  in  the  ovum,  and  in  an  apparently  resting  stage  similar  to  the 
resting  stage  known  for  other  flagellate  protozoa  closely  allied  to  the 
organism  causing  syphilis.  Jonathan  Hutchinson  remains  skeptical, 
but  as  many  of  the  facts  concerning  which  he  has  remained  skeptical 
have  been  shown  to  be  otherwise,  notably  juvenile  tabes  and  paresis, 
it  is  probable  that,  like  the  opinions  of  John  Hunter  relative  to  syphilis, 
VOL.  II — 27 
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iiltraconservatism  is  a  psychologically  interesting  individual  phenom- 
enon rather  than  a  sound  pragmatic  instinct. 


Fia.  33 


Congenital  syphilis  "unto  the  third  generation."  Syphilitic  father  of  first  generation.  2d.  Three 
premature  births,  two  dead  children,  and  one  dying  at  sixteen  months.  Congenital  syphilitic  next, 
with  Hutchinson  teeth.  This  patient  married,  and  had  a  child  with  snuffles,  who  died  at  age  of  six 
weeks.    Remaining  sister  had  infantile  hemiplegia,  Hutchinson  teeth,  keratitis.  (Mott.) 


The  fact  of  the  whole  matter  is  that  opinions  and  statistics  relative 
to  congenital  s^'philis  of  the  nervous  system,  supported  by  clinical 
observation  alone,  and  uncontrolled  by  the  available  biological  tests, 


Fig.  34 


Congenital  syphilis:  Three  miscarriages;  then  five  children  born  alive  and  well.  Last  child 
snuffles,  Hutchinson  teeth.  Did  well  in  school,  then  deteriorated,  noisy,  maniacal;  thought  to  be 
paretic.  Autopsy  showed  generalized  cerebrospinal  gummatous  meningitis,  perivascularitis,  and 
endarteritis. 


are  insuflficient  approximations,  and  very  insecure.  When  relied  upon 
for  negative  purposes  they  are  harmful  to  the  advance  of  thought, 
and  detrimental  to  the  relief  of  sick  humanity. 

Notwithstanding  the  importance,  and  often  the  strikingly  gruesome 
character  of  these  late  appearing  congenital  cases,  the  attention  of 


CONGENITAL  OR  HEREDITARY  SYPHILIS 


419 


the  practitioner  should  be  riveted  upon  the  numerically  preponderant 
miscarriages,  stillbirths,  and  early  syi)hilitic  deaths  if  he  would  get  in 
the  right  attitude  toward  the  therapeutics  of  this  disease,  as  it  afl'ects 
the  nervous  system.  Some  remarks  upon  the  psychological  control, 
the  so-called  moral  attitude  toward  sexual  freedom,  as  one  of  the 
burning  factors  in  the  present  cultural  struggle  for  more  efficient 
adaptation  have  been  made  in  those  paragraphs  dealing  more  directly 
with  therapy  of  cerebral  syphilis. 

Here  a  return  must  be  made  to  the  clinical  forms  met  with  by  the 
physician. 

In  congenital  syphilis,  as  has  been  stated,  one  finds  a  replica  of  what 
has  been  found  in  adult  syphilis.  Pathologically  speaking,  the  lesions 
are  nearly  always  combined.  There  is  a  variable  composite  of  end- 
arteritis, of  leptomeningitis,  of  pachymeningitis,  gummata,  large  and 
small,  localized  or  infiltrating,  gummatous  neuritis,  difYuse  degenerative 
changes  in  the  cells  of  the  spinal  cord,  in  the  basal  ganglia,  or  of  the 
cortex.  Thus  the  clinical  pictures  are  apt  to  be  conglomerate,  and 
almost  unanalj^zable.  Those  more  accentuated  trends  w^hich  permit 
a  nosological  term  will  be  considered  here. 

Hydrocephalus. — As  a  result  of  congenital  syphilis  this  condition  has 
been  suspected  for  two  hundred  years.  Hasse  in  1828,  Cruveilhier  in 
his  atlas,  Van  Rosen  in  1862,  and  Virchow  reported  definite  examples 
of  it.  It  arises  in  these  congenital  forms  largely  from  syphilitic  disease 
of  the  cerebrospinal  fluid  producing  structures — choroid,  ependyma,  or 
from  definite  obstructive  factors  in  the  cerebral  foramina,  gummata, 
vascular  swelling  obstructing  the  iter,  etc. 

It  is  a  not  uncommon  sequel  of  congenital  syphilis,  and  is  undoubtedly 
more  frequent  than  is  realized.  In  Hochsinger's  series  of  362  cases  of 
congenital  syphilis  34,  or  nearly  10  per  cent.,  were  of  hydrocephalus. 
In  his  series,  which  affords  a  fairly  average  review  of  the  situation, 
the  hydrocephalus  began  three  to  eleven  months  after  birth ;  sometimes 
it  was  fetal.  In  11  cases  there  were  no  nervous  symptoms,  i.  e.,  up 
to  the  time  of  reporting.  In  the  others  restlessness,  sleeplessness, 
chronic  •  vomiting,  convulsions,  contractures,  nystagmus,  and  feeble- 
mindedness were  the  objective  phenomena. 

The  more  usual  clinical  picture  is  that  of  a  child,  boy  or  girl,  from 
three  to  six  months  of  age,  who  following,  or  not,  an  insignificant  blow 
on  the  head,  or  some  gastro-intestinal  or  bronchial  disturbance,  develops 
within  a  few  days  grave  cerebral  disturbances.  There  is  great  irrita- 
bility and  sleeplessness,  screaming  and  kicking.  The  head  is  usually 
drawn  back,  the  eyes  and  the  fontanelles  are  apt  to  bulge  somewhat. 
Vomiting  is  frequent,  and  there  are  signs  of  oculomotor  involvement. 
Internal  strabismus  from  paresis  of  the  external  rectus  is  not  unusual. 
It  is  frequently  preceded  or  accompanied  by  nystagmus  and  irregular 
pupils — often  not  responding  to  light. 

Pain  is  present,  as  the  child  cries  and  struggles,  and  not  infrequently 
the  active  movement  of  the  arms— often  highly  spasmodic  or  convul- 
sive— seem  to  try,  in  a  blind  reflex  sort  of  way,  to  get  at  and  brush 
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away  the  source  of  it,  i.  e.,  the  head,  pulling  the  hair,  {^rasping  the  head, 
rolling  the  head.  Spasticit3^  rigidity,  and  other  signs  of  intracranial 
pressure  may  at  times  be  demonstrated.  As  a  rule  the  temperature 
is  only  slightly  or  not  at  all  raised,  and  the  minor  signs  of  an  epidemic 
cerebrospinal  meningitis,  i.  e.,  herpes,  temperature,  flushed  and  spotted 
skin,  are  absent.  The  diagnosis  of  all  of  these  infantile  meningeal 
disturbances  is  fraught  with  much  difficulty. 

Feeble-mindedness. — Syphilis  undoubtedly  plays  a  much  larger  role 
in  producing  mental  defectives  than  is  suspected.  The  early  statistics 
are  comparatively  worthless.  They  are  quoted  at  great  length  even  in 
modern  works  on  idiocy,  imbecility  and  the  like.  The  English  studies 
in  particular — save  the  recent  ones  of  INIott  and  his  co-workers- — only 
emphasize  the  league  of  the  unconscious  to  suppress  disagreeable 
truths  which  have  unsuspected  cultural  values  in  the  struggle  against 
the  repressions  of  the  sexuality.  We  have  already  discussed  at  length 
this  important  topic,  often  lightly  spoken  of  as  Anglo-Saxon  prudery, 
Puritanism,  New  England  frigidity,  in  the  paragraph  on  therapy  of 
cerebral  syphilis. 

Fig.  35 


Congenital  syphilis:  Juvenile  paresis,  at  first  considered  as  "imbecile."  (Mott.) 

The  more  correct  appreciation  of  this  chapter  on  syphilis  and  feeble- 
mindedness began  with  the  studies  of  Fournier  on  parasyphilis.  Those 
truths,  somewhat  uncontrolled,  were  forced  upon  him  by  his  clinical 
observations.  The  early  English,  German,  and  American  figures  varied 
from  0.1  (Shuttleworth)  to  17  per  cent.  (Ziehen).  Whereas,  the  results 
following  serological  investigation  start  with  the  higher  figtires,  and 
mount  upward,  in  some  cases  as  high  as  40  per  cent.  The  American 
figures  available  (Atwood  and  Clark)  show  that  20  per  cent,  of  the 
idiots,  imbeciles,  and  morons  at  Randall's  Island,  iSsew  York,  were 
syphilitic. 

We  thus  again  see  how  groups  become  subject  to  analytical  revision. 
Feeble-mindedness,  so  often  regarded  as  a  unicum,  shows  this  tendency. 
Therapeutically  one  is  called  upon  not  to  treat  the  name  feeble-minded- 
ness, but  the  reason  behind  it.  As  this  paragraph  does  not  deal  with 
feeble-mindedness  in  its  larger  aspects  (see  chapter  by  Goddard,  \o\.  I) 
we  shall  limit  ourselves  to  tlie  purely  syphilitic  etiological  subdivisions. 

Intra-uterine  feeble-mindedness  is  more  or  less  a  contradiction. 
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i  These  children  who  would  date  their  mental  defect  to  disease  going 
j  on  in  the  uterus  rarely  live.  Plant  expresses  the  opinion  that  feeble- 
I  mindedness  may  be  regarded,  so  far  as  syphilis  is  concerned,  as  the 
result  of  an  extra-uterine  syphilitic  disease  undergone  in  infancy. 
In  some  there  arc  signs  of  an  acute  brain  disease.  Some  instances  of 
hydrocephalus  whidi  recover  show  the  signs  of  havoc  in  their  inability 
to  develop  normally. 

'Many  others  show  no  acute  stage,  but  fail  to  develop.  Many  recorded 
observations  are  available  to  show  the  very  gradual  development 
of  mental  defect,  without  convulsions  or  fever,  altogether  without 
signs  of  organic  disease,  which  arrived  at  a  definite  termination,  and 
which  left  behind  as  a  result  entirely  stationary,  perhaps  even  improv- 
able, idiots  or  imbeciles. 

That  type  of  hereditary  syphilitic  child  without  any  tangible  disease, 
formulated  by  Fournier — his  "enfants  arrieres" — who  are  described 
as  unintelligent,  simple,  silly,  limited  children,  always  behind,  this  type 
not  infrequently  shows  the  Wassermann  reaction. 

Again,  one  is  convinced  by  the  researches  of  others  that  mental  defect 
in  less  marked  grade,  or  more  properly  speaking  along  more  restricted 
or  special  lines,  is  allied  with  this  broad  group  on  the  basis  of  congenital 
syphilis.  Thus,  Nonne  reports  cases  of  general  irritable  weakness  of 
the  nervous  system.  The  patients  are  highly  excitable,  are  extremely 
nervous,  they  are  very  moody,  suffer  from  headaches,  irregularities 
of  appetite,  sudden  fits  of  passion — not  associated  with  other  forms  of 
epileptiform  analogies — ^and  for  whom  mercury  and  the  iodides  worked 
wonders. 

Still  another  chapter  has  been  opened  in  this  hereditary  syphilis 
problem  in  its  relation  to  mental  defect.  It  concerns  many  so-called 
psychopathic  children.  These  children  are  bright,  but  they  show 
marked  ethical  defects.  Here  one  can  conceive  of  the  mental  defect 
in  terms  of  limited  cortical  control  to  the  effective  response  of  the  sex- 
uality and  to  the  nutritional  instincts.  These  children  want  and  arrive 
without  going  around  by  the  circuitous  routes  devised  by  cultural 
standards.  Anatomically  one  can  posit  a  defect  of  certain  cortico- 
cortical  association  areas  on  the  basis  of  the  syphilitic  poisoning. 

Taking  the  whole  group  of  feeble-mindedness,  it  is  evident  from  a 
reading  of  Dr.  Goddard's  chapter  that  clinically  we  cannot  pick  out 
the  hereditary  syphilitic  child  in  all  instances.  Indeed,  it  should  be 
emphasized  that  too  much  weight  is  given  to  the  anomalies  in  physical 
structure — Hutchinson  teeth,  saddle  nose,  stride  about  the  mouth, 
prominent  veins,  scaphoid  scapula,  etc.,  if  one  rejects  those  who 
from  the  heredito-syphilitic  class  fail  to  show  such  anomalies.  Nor 
can  we  recognize  any  certainly  pathognomonic  psychical  anomalies. 
A  careful  neurological  examination  frequently  aids  in  enlarging  the 
group — particularly  in  the  study  of  pupillary  anomalies.  The  cyto- 
logical  tests  are  of  the  highest  importance,  and  every  child  born  of 
syphilitic  father  or  mother  should  be  systematically  examined  by  these 
cytobiological  methods. 
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Treatment. — In  the  presence  of  syphilis,  as  determined  by  the  tests 
outUned,  treatment  by  the  metliods  already  outlined  will  j>rove  of 
immense  value  even  in  this  apparently  liopeles=  field.  Every  s^-philitic 
child  is  entitled  to  the  most  that  science  has  to  ofl'er. 
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CHAPTER  IX 

THE  USE  OF  SALVARSAN  AND  NEOSALVARSAN  IN 
DISEASES  OF  THE  NERVOUS  SYSTEM  ^ 

By  henry  J.  NICHOLS,  M.D. 
SALVARSAN 

Introduction. — Salvarsan  was  elaborated  as  a  means  of  killing 
spirocheta?  in  vivo  and  is  the  most  efficient  agent  as  yet  known  for 
this  purpose.  Its  use  in  diseases  of  the  nervous  sj'stem  is  naturally 
indicated  primarily  in  conditions  which  are  due  to  invasion  of  the 
nervous  tissues  by  spirochetse.  This  invasion  occurs  chiefly  in  syph- 
ilis, and  in  active  syphilis  of  the  nervous  system  good  results  can  be 
obtained,  with  proper  precautions,  by  the  use  of  salvarsan.  Cases  of 
acutal  s\T)hilis  of  the  nervous  system  are,  however,  somewhat  over- 
shadowed by  cases  of  parasyphilis — tabes  and  paresis — in  which  neither 
the  etiology  nor  the  results  of  treatment  are  as  certain.  Both  diseases 
are  believed  to  be  due  to  a  previous  infection  with  Spirochseta  pallida, 
but  this  organism  has  never  been  demonstrated  in  the  lesions  of  either 
disease.  On  the  other  hand,  the  Wassermann  reaction  is  positive  in 
the  blood  in  a  considerable  percentage  of  cases,  and  the  serological 
findings  of  the  spinal  fluid  also  indicate  an  active  process.  In  certain 
of  these  cases,  especially  of  tabes,  marked  improvement  in  symptoms 
and  in  serological  findings  can  be  produced  by  salvarsan,  but  the  results 
are  not  as  constant  as  they  are  in  conditions  which  we  know  are  due 
to  the  actual  presence  of  spirochetse  in  the  tissues.  Aside  from  its 
specific  action  salvarsan  has  a  tonic  effect  which  can  be  used  to  advan- 
tage in  certain  other  diseases  of  the  nervous  system,  such  as  chorea, 
pellagra,  etc. 

Pharmacology  and  Methods  of  Administration — Salvarsan  is  a 
yellow  powder  which  is  made  solely  by  the  Farbewerke,  formerly 
Lucius  and  Briining,  at  Hoechst  a/M,  and  is  tested  in  Ehrlich's  labora- 
tory. It  is  sold  in  ampoules  which  contain  0.1,  0.2,  0.3,  or  O.G  gm. 
As  the  substance  oxidizes  easily  into  a  more  poisonous  compound,  the 
tubes  are  exhausted  of  air  or  filled  with  a  neutral  gas  and  are  hermetic- 
ally sealed;  hence  no  cracked  or  long  opened  tubes  should  be  used. 
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The  powder,  chemically,  is  di-chlor-di-amido-di-oxy  arseiiobeiizc^l,  and 
has  the  following  formula: 


H 
CI 


H 


0 


6 


In  this  substance  the  arsenic,  which  is  the  active  portion,  is  attached 
to  the  benzol  ring  and  to  itself.  In  this  way  it  is  rendered  inert  until 
the  combination  is  broken  up  and  a  large  amount  of  arsenic  can  be 
safely  introduced  into  the  body.  For  example,  as  about  one-third  by 
weight  of  the  substance  is  arsenic,  in  giving  0.6  gm.  one  gives  nearly 
3  grains  of  arsenic  or  the  equivalent  of  nearly  4  grains  of  arsenious  acid, 
but  the  usual  toxic  action  of  this  large  amount  of  arsenic  is  prevented 
by  the  chemical  arrangement.  When,  however,  the  compound  is 
broken  up  by  combination  with  organic  material,  the  arsenic,  which 
is  in  a  reduced  trivalent  form,  acts  vigorously  in  a  nascent  way  and 
kills  any  protoplasm  with  which  it  comes  into  contact.  Combination 
of  salvarsan  with  spirochetse  seems  to  be  effected  by  means  of  the 
amido  and  hydroxyl  groups  which  seem  to  anchor  the  compound  to 
the  spirochetse  and  thus  bring  the  arsenic  into  action.  A  certain  amount 
of  the  compound  affects  the  tissues  also,  as  is  shown  by  the  tonic  action, 
but  this  amount  is  small,  except  in  overdoses  or  in  the  presence  of 
diseased  tissues,  which  are  more  apt  than  normal  tissues  to  anchor 
the  compound. 

As  a  general  rule  the  actual  administration  of  salvarsan  should  be 
put  in  the  hands  of  someone  who  is  versed  in  its  use,  whether  or  not  he 
is  a  neurologist  or  a  psychiatrist.  To  such  an  one  the  following  directions 
will  be  superfluous,  but  they  are  included  in  order  to  assist  anyone  who 
may  be  starting  in  this  work,  and  also  to  give  the  clinician  an  insight 
into  the  pros  and  cons  of  prospective  treatment  for  his  patient. 

The  powder  itself  is  used  in  the  form  of  a  suspension  in  oil  for  intra- 
muscular injection.  It  is  preferable,  how^ever,  when  possible,  to  give 
the  substance  in  a  soluble  form.  The  powder  is  easily  soluble  in  hot 
water  and  forms  a  clear  yellow  solution,  which  has  a  decidedly  acid 
reaction  to  litmus.  This  solution  has  been  used  for  injection,  but  is 
usually  regarded  as  too  caustic  on  account  of  the  acid  radicles,  and  an 
alkaline  solution  is  preferred.  This  is  prepared  by  adding  sodium 
hydrate.  The  first  change  on  the  addition  of  sodium  hydrate  is  the 
formation  of  the  neutral  base  as  follows: 


-N(^   +S  NaCl+ 2/1^0 • 
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This  base  is  insoluble  in  Avater  and  was  used  in  the  Weichselmann 
method  of  subcutaneous  injection,  but/this  forAi  of  administration  has 
been  almost  entirely  given  up  on  account  of  the  difficulty  of  absorption 
of  the  injected  material.  On  further  addition  of  alkali  the  base  is 
redissolved  as  a  sodium  salt,  which  is  alkaline  to  litmus.  This  is  the 
soluble  form  in  which  the  substance  is  given  intramuscularly  and 
intravenouslv. 

The  intravenous  method  of  administration  is  unquestionably  the 
method  of  choice,  both  as  regards  the  comfort  of  the  patient  and  the 
certainty  of  application  of  the  preparation.  Whenever  possible,  there- 
fore, this  method  should  be  used.  A  certain  amount  of  technique  is, 
of  course,  necessary,  and  when  it  is  not  possible  to  carry  out  the  pro- 
cedure properly  one  should  fall  back  on  the  intramuscular  method  of 
the  alkaline  solution  or  of  an  oily  suspension.  Each  of  these  methods 
have  advantages  and  disadvantages.  The  alkaline  solution  is  soluble, 
but  it  is  also  quite  painful.  The  suspension  in  oil  is  less  painful  and  is 
easier  to  prepare,  but  it  is  in  an  undissolved  form.  Still  it  is  probably 
the  most  useful  form  for  intramuscular  injection.  The  drawback  to 
any  intramuscular  injection  is  the  uncertainty  of  absorption;  occa- 
sionally necrosis  of  the  muscle  occurs,  with  permanent  encystment  of 
some  of  the  drug.  When  absorption  is  good  the  intramuscular  injection 
produces  a  more  lasting  effect  than  the  intravenous  injection,  but  the 
same  effect  can  be  obtained  by  repeating  the  intravenous  injection. 

Injection  of  the  Oily  Suspension. — Articles  required:  sterile  mortar 
and  pestle;  sterile  liquid  paraffin  or  iodipin;  sterile  dry  syringe  with 
good-sized  needle;  sterile  castor  oil.  The  desired  amount  of  powder 
is  shaken  into  the  sterile  mortar;  about  1  c.c.  of  oil  is  added,  and  the 
powder  is  thoroughly  mixed;  enough  more  oil  is  gradually  added  with 
constant  stirring  to  produce  a  fairly  liquid  mixture  in  2  to  4  c.c.  The 
mixture  is  drawn  up  in  a  sterile  syringe  which  has  been  lubricated  with 
a  few  drops  of  sterile  castor  oil.  The  patient  lies  on  his  stomach;  the 
skin  of  one  buttock  is  disinfected  with  tincture  of  iodine,  which  is  washed 
off  with,  alcohol  after  three  or  four  minutes.  The  injection  is  given 
into  the  gluteal  muscles  in  the  middle  third  of  a  line  from  the  anterior 
superior  spine  to  the  tuberosity  of  the  ischium.  The  injected  area  should 
be  well  massaged  and  the  patient  should  keep  quiet  for  a  day  at  least 
after  the  injection.  The  principal  point  in  the  technique  is  dryness 
of  the  syringe  and  needle,  because  salvarsan  is  hygroscopic,  and  if  any 
water  is  present  salvarsan  takes  it  up  and  forms  a  sticky  mass  which 
interferes  with  injection.  Some  workers  add  to  the  oil  a  small  amount 
of  camphor  and  creosote  for  their  antiseptic  and  analgesic  properties. 

Intramuscular  Injection  of  Alkaline  Solutions. — Required:  sterile  glass- 
stoppered  bottle,  1  to  2  ounces,  containing  glass  beads;  test-tube  of 
sterile  water;  4  per  cent,  solution  of  sodium  hydrate;  5  c.c.  pipette;  stir- 
ring rod.  The  tip  of  an  ampoule  is  nicked  with  a  file  and  struck  off, 
and  the  powder  is  shaken  into  the  sterile  bottle.  About  10  c.c.  sterile 
water  is  boiled  and  poured  on  the  powder;  by  stirring  with  a  sterile 
glass  rod  the  powder  goes  into  clear  solution.   For  each  O.I  gm.  of  the 
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powder,  0.7  to  0.8  c.c.  of  4  per  cent.  NaOIi  is  now  added,  or  a  cor- 
responding smaller  amount  of  a  stronger  solution..  At  first  a  pre- 
cipitate of  tiie  neutral  base  is  formed,  and  on  shaking  this  gradually 
dissolves  as  a  sodium  salt.  If  a  considerable  amount  of  the  base 
remains  undissolved  a  few  more  drops  of  alkali  should  be  added  until 
only  a  few  flakes  remain  undissolved.  The  resultant  solution  should 
be  clear  and  yellow.  If  the  solution  is  cloudy  or  blackish,  this  is  due 
to  some  impurity  in  the  water  or  sodium  hydroxide  and  the  solution 
should  be  discarded.  For  intramuscular  injection  the  fluid  is  made 
up  to  about  20  c.c,  and  10  c.c.  are  injected  into  each  buttock.  The 
patient  should  remain  quiet  one  or  two  days. 

Intravenous  Method. — ^The  fluid  as  prepared  for  the  intramuscular 
injection  is  poured  into  about  250  c.c.  sterile  salt  solution,  which  should 
be  of  temperature  about  110°  to  120°;  the  solution  is  then  put  into  a 
gravity  infusion  apparatus,  the  tubing  of  which  should  already  contain 
warm  salt  solution.  If  the  veins  of  the  forearm  are  prominent,  one  can 
be  selected  for  injection  without  cutting  upon  it.  The  skin  is  sterilized; 
the  vein  is  distended  by  a  tourniquet  placed  around  the  upper  arm ;  the 
skin  over  the  vein  is  picked  up  and  the  needle  first  passed  through 
the  skin  and  then  thrust  into  the  vein.  As  soon  as  the  needle  is  felt 
to  be  in  the  vein  the  tourniquet  is  released,  and  the  clamp  on  the  tubing 
loosened  and  the  required  amount  is  run  in  at  the  rate  of  about  40  c.c. 
a  minute.  If  no  vein  is  prominent,  a  tourniquet  is  applied  above  and 
cording  is  felt  for  and  when  located  the  vein  is  cut  down  upon  and  the 
needle  inserted  in  plain  view.  The  patient  should  keep  at  rest  at  least 
overnight. 

The  precautions  necessary  are:  (1)  The  solution  must  be  clear;  a 
light  cotton  plug  in  the  bottom  of  the  infusion  apparatus  serves  to  take 
out  particles  of  cotton,  etc. ;  (2)  the  solution  must  not  be  over  alkaline 
or  thrombosis  may  result;  (3)  the  salt  solution  must  be  made  'v^^th 
freshly  distilled  water — old  distilled  water  is  apt  to  contain  many 
organisms  and  give  rise  to  severe  reactions;  (4)  blood  should  not  be 
allowed  to  flow  back  into  the  infusion  tube;  (5)  the  needle  must  be 
large  enough  to  permit  a  good  flow;  (6)  none  of  the  solution  should 
be  allowed  to  escape  into  the  tissues  about  the  vein,  as  it  will  set  up 
an  irritation. 

The  reaction  to  an  intravenous  injection  varies  with  conditions. 
In  early  cases,  with  best  technique,  there  may  be  some  fever  which  is 
due  to  the  disintegration  of  large  numbers  of  spirochetse.  Later  in  the 
disease,  fever  should  not  be  marked  if  the  proper  technique  has  been 
followed,  especially  in  regard  to  the  use  of  freshly  distilled  water.  Many 
of  the  violent  reactions  on  record  have  been  due  to  dead  micro- 
organisms in  the  fluids  used  instead  of  to  salvarsan.  The  symptoms  of 
poisoning  with  salvarsan  are,  in  general,  those  of  arsenic,  and  consist 
in  irritation  of  the  stomach  and  intestines,  in  a  scarlatiniform  rash, 
and  in  parenchymatous  degeneration  of  the  organs,  especially  the  liver, 
kidneys,  and  heart.  There  is  some  evidence  that  toxic  symptoms  are 
more  apt  to  occur  if  a  number  of  injections  have  been  given  already. 
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General  Principles  of  Salvarsan  Therapy. — In  the  course  of  two 
years  certain  general  principles  have  'been  developed  in  regard  to  the 
use  of  salvarsan  in  syphilis  wliich  have  a  hearing  on  its  use  in  syphilis 
of  the  nervous  system.  It  is  now  recognized  that  salvarsan  kills  the 
accessible  spirochetiB  more  quickly  and  more  certainly  than  mercury; 
hence  it  may  be  of  special  value  in  producing  quick  results  when  such 
delicate  and  important  tissues  as  the  nervous  tissues  are  involved. 
The  most  direct  way  to  reach  spirochetae  in  the  tissues  is,  of  course,  ' 
through  the  circulation,  and  this  is  accomplished  by  the  intravenous 
method.  It  has  also  been  established  that  in  the  great  majority  of 
cases  all  the  spirochetse  are  not  accessible  to  the  circulation,  and,  hence, 
if  no  further  treatment  is  given  the  spirochetse  which  have  escaped 
the  action  of  salvarsan  will  multiply  and  a  relapse  will  occur.  (Neuro- 
recidive,  see  Chapter  VIII.)  If  the  patient  is  in  the  secondary  stage, 
these  relapses  may  affect  the  nervous  system,  especially  the  optic, 
auditory,  and  the  facial  nerves.  To  prevent  these  relapses  it  is  neces- 
sarj'  to  repeat  salvarsan  or  to  give  mercury  in  combination  with  it,  in 
the  form  of  injections  or  inunctions. 

Dangers. — ^The  dangers  of  the  use  of  salvarsan  in  syphilis  of  the  . 
nervous  system  are  chiefly  two;  first  the  possibility  of  producing  an 
internal  Herxheimer  reaction,  and  second  the  danger  of  the  decompo- 
sition of  the  drug  by  organic  lesions.  The  Herxheimer  reaction  was 
originally  noted  in  skin  lesions;  it  consists  in  a  temporary  accentuation 
of  a  lesion  after  treatment  with  mercury  or  salvarsan,  and  is  supposed 
to  be  due  to  the  liberation  of  toxins  on  the  death  of  the  organisms. 
For  example,  after  salvarsan  treatment  a  papule  becomes  brighter 
and  more  prominent  and  then  disappears.  The  same  process  may 
occur  in  internal  structures,  and  if  it  occurs  in  a  nerve  or  in  the  brain, 
the  swelling  may  produce  serious  results  before  resolution  can  occur, 
as,  for  example,  when  the  phrenic  or  vagus  nerve  or  structures  in 
the  internal  capsule  are  affected.  The  second  danger  consists  in  the 
possibility  of  the  drug  being  taken  up  and  decomposed  by  old  organic 
lesions,  and  again  when  this  occurs  in  "the  master  tissues"  the  results 
may  be  disastrous. 

Both  the  dangers  may  be  avoided  to  a  certain  extent  by  the  use  of 
several  small  doses  instead  of  one  large  dose;  and  while  due  caution 
should  be  used,  in  many  cases  it  is  justifiable  to  run  certain  risks  because 
many  cases  are  not  influenced  by  mercury,  and  the  only  alternative 
to  the  use  of  salvarsan  is  permanent  injury,  the  insane  hospital,  or 
death. 

Salvarsan  in  Syphilis  of  the  Nervous  System. — The  evidences  of  early 
involvement  of  the  nervous  system,  while  not  so  striking  and  important 
as  those  of  later  involvement,  are  very  definite  and  are  better  appreciated 
now  that  we  know  their  cause.  When  the  spirochetse  become  general- 
ized they  invade  the  lymph  spaces,  especially  in  the  walls  of  the  vessels, 
in  the  brain,  cord,  and  nerves  as  well  as  in  the  skin;  they  have  been 
demonstrated  in  these  areas  by  sections.  Here  as  elsewhere  they  lead 
to  an  accumulation  of  round  cells  which  is  supposed  to  be  more  marked 
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ill  cases  with  a  i)ai)ular  eruption.  These  accumulations  of  ceils  exert 
pressure  effects  and  tliese,  witli  toxic  intiuences,  are  manifested  by 
changes  in  sensation,  motion,  and  even  of  consciousness.  The  most 
common  early  symptom  is,  of  course,  headache;  then  comes  paralysis 
of  the  facial  or  oculomotor  nerves,  then  retinitis  and  affections  of  the 
auditory  nerve,  then  convulsions.  All  these  symptoms  can  be  traced 
directly  to  the  presence  of  spirochette  in  the  meninges  or  walls  of  the 
bloodvessels,  and  can  be  directly  influenced  by  salvarsan.  Headache 
disappears  almost  by  magic— paral}- sis  of  one  side  of  the  face  is  quickly 
replaced  by  tone  and  so  on.  In  these  early  cases  there  is  less  to  fear 
from  anchoring  of  the  substance  by  diseased  tissue,  and  the  Herxheimer 
reaction  is  not  so  dangerous,  and  doses  of  0.3  to  0.4  intravenous,  or 
0.4  to  0.5  intramuscular,  can  safely  be  given.  The  effects  are  often 
brilliant;  the  immediate  results,  however,  must  be  followed  up  by 
further  combination  treatment  if  relapses  are  to  be  avoided. 

Later  in  the  course  of  the  infection  the  changes  in  the  meninges  and 
vessels  are  more  profound  and  results  are  more  variable.  Such  symp- 
toms as  disorders  of  speech,  ataxia,  altered  pupillary  and  patellar 
reactions  can  be  relieved,  but  there  can,  of  course,  be  no  restoration 
of  destro3'ed  tissue.  There  is  more  danger  of  decomposition  of  the 
preparation,  but  as  was  said  above  the  alternative  is  such  that  in  many 
cases  the  drug  should  be  tried  in  small  doses  of  0.1  to  0.3  gm.  and 
repeated  after  a  short  interval.  The  literature  of  the  subject  contains 
records  of  happy  results  in  some  cases,  no  improvement  in  others,  and 
of  unfortunate  results,  even  death  in  others.  Each  case  must  be 
considered  by  itself,  and  whenever  possible  the  results  of  serum  exami- 
nations should  be  considered.  If  the  symptoms  seem  to  be  due  to  an 
active  exudative  process  the  combined  treatment  should  be  cautiously 
undertaken.  If  the  disability  is  due  to  an  old  lesion  little  result  is  to  be 
expected,  and  more  harm  than  good  may  be  done  by  using  salvarsan. 

Tabes  and  Paresis. — The  treatment  of  tabes  and  paresis  has  been 
so  discouraging  that  on  the  introduction  of  salvarsan  great  hopes  were 
raised  in  regard  to  the  treatment  of  these  diseases.  These  hopes  were 
based  partly  on  Alt's  early  experiences.  He  first  used  the  drug  on 
paretics  and  was  able  to  influence  the  Wassermann  reaction.  It  seemed 
that  there  must  be  some  clinical  equivalent  of  this  change  in  the  serum 
and  a  great  many  cases  of  each  disease  have  been  treated.  The  results, 
according  to  different  authors,  have  varied  from  nil  to  something  quite 
encouraging.  Some  workers  consider  these  diseases  as  contraindications 
to  the  use  of  salvarsan,  but  such  a  view  is  certainly  extreme. 

Before  discussing  the  results  of  treatment,  it  will  be  well  to  review 
briefly  what  we  know  about  the  etiology  of  these  diseases.  We  may 
start  with  the  generally  accepted  proposition  that  syphilis  is  a  sine 
qua  non  for  tabes  and  paresis.  (Also  see  Chapter  VIII.)  But  what 
is  the  exact  relation?  One  of  the  best  authorities,  Mott,  holds  that 
these  diseases  are  residual  paralyses,  that  the  nerve  cells  are  exhausted 
by  a  previous  infection,  and  as  they  cannot  be  replaced,  thoy  degener- 
ate and  produce  efl'ects  long  after  the  A'irus  has  left  the  body.  This 
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explanation,  as  JNIott  says,  is  not  altogetlier  satisfactory.  Some  cases 
seem  to  fit  in  with  this  theory,  but  a  majority-  of  them  do  not.  How,  on 
this  theory,  can  we  exphiin  tlie  positive  Wassermann  in  the  blood  and 
spinal  fluid,  the  increased  cell  count  of  the  spinal  fluid,  the  increased 
globulin  content,  the  accumulation  of  round  cells  about  the  vessels 
and  in  the  meninges,  and  the  progressive  character  of  paresis?  All 
these  findings  point  to  an  active  process  rather  than  to  a  residual  pro- 
cess. How  can  we  explain  the  improvement  some  cases  of  tabes  show 
under  mercury  and  the  iodides?  If  this  theory  be  correct,  what  occasion 
is  there  for  using  salvarsan?  As  has  been  said,  spirochette  have  never 
been  demonstrated  in  the  lesions  of  either  disease,  but  it  certainly 
seems  that  some  virus  is  at  work,  and  in  some  cases  the  virus  behaves 
like  a  spirochete.^  With  salvarsan  we  can  remove  the  symptoms  and 
change  the  serological  findings  to  normal.  In  other  cases  the  results 
do  not  encourage  the  belief  that  a  spirochete  is  the  cause  of  the  lesions. 
It  is,  of  course,  possible  that  in  these  cases  we  are  dealing  with  a  differ- 
ent strain  of  the  organism  or  with  resistant  forms,  but  for  the  present 
we  must  admit  our  ignorance  of  a  satisfactory  explanation. 

Tabes. — Coming  now  to  actual  cases  of  tabes,  we  find  that  they  fall 
into  two  classes  as  judged  by  the  presence  or  absence  of  evidences  of 
an  active  process — such  as  the  Wassermann  reaction  in  the  blood  or 
spinal  fluid,  the  presence  of  a  hj^erlymphocytosis,  etc.  (See  discussion 
of  clinical  t^pes  in  Chapter  VIII.)  If  one  has  to  lay  down  a  general 
rule,  it  would  be  that  salvarsan  is  indicated  only  in  the  positive  class 
of  patients,  but  the  rule  would  have  a  good  many  exceptions.  Some 
positive  cases  w^ould  not  respond,  while  a  few  negative  cases  would 
show  a  great  improvement.  Still  there  is  a  good  deal  of  evidence  to 
support  the  rule.  For  example,  I  have  seen  a  skilled  decorator  whose 
hands  were  becoming  so  ataxic  that  he  could  no  longer  work.  He  had 
had  syphilis  seven  years  before,  and  had  had  three  years  of  mercury 
by  mouth ;  his  Wassermann  reaction  was  + .  He  was  examined  by 
several  competent  clinicians  and  pronounced  an  early  tabetic.  He 
w'as  given  an  intramuscular  injection  of  0.5  gm.  salvarsan  in  alkaline 
solution;  in  three  weeks  his  reaction  became  negative.  At  the  same  time 
his  ataxia  disappeared  and  he  returned  to  work.  His  reaction  remained 
negative  for  several  months  and  finally  returned,  without  a  recurrence 
of  symptoms,  in  the  eighth  month.  This  case  behaved  exactly  like  a 
case  of  spirochetosis,  and  a  number  of  cases  of  the  same  kind  have  been 
reported.  The  same  results  could  probably  have  been  obtained,  in 
a  longer  time  and  with  more  discomfort,  with  mercury.  In  this  class 
of  cases  salvarsan  should  be  given  a  trial  with  the  understanding  that 
it  is  a  trial.  There  is  not  much  danger  of  a  Herxheimer  reaction,  and  if 
the  patient  is  in  good  health  otherwise,  doses  of  0.3  to  0.4  gm.  can  be 
given  intravenously,  or  0.4  to  0.5  gm.  intramuscularly.  If  the  patient 
is  debilitated,  smaller  doses  should  be  given  and  repeated,  and  if 

•While  these  pages  were  going  through  the  press  there  came  the  demonstration 
of  spirochet£E  in  the  brain  of  paresis. — Ed. 
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improvement  occurs  mercury  should  be  given  to  prevent  a  relapse.  In 
the  cases  that  show  no  evidence  of  an  exudative  process  little  is  to 
be  expected  from  salvarsan,  except  in  temporarily  relieving  pain. 
Surprisingly  good  results  occasionally  occur,  but  cannot  be  rationally 
explained. 

Paresis. — The  results  in  the  use  of  salvarsan  in  paresis  have  been 
disappointing.  (See  Chapter  VIII.)  It  is  true  that  all  the  evidences 
of  an  active  process  are  present,  and  that  the  Wassermann  reaction 
and  cell  count  can  be  occasionally  reduced;  clinical  improvement,  too, 
occurs;  but,  in  the  opinion  of  most  alienists,  this  is  in  the  nature  of 
a  remission  more  than  as  a  result  of  treatment,  and  the  prognosis  is 
not  changed.  In  well-advanced  cases  the  administration  of  salvarsan, 
like  any  other  heroic  treatment,  seems  to  do  more  harm  than  g  od, 
and  hastens  the  end.  In  early  cases,  especially  those  in  which  cerebral 
syphilis  seems  to  grade  into  paresis,  there  seems  to  be  some  hope  of 
arresting  the  process.  As  in  the  case  in  advanced  cases  of  cerebral 
syphilis,  the  dangers  of  toxic  action  are  considerable,  and  small  doses 
of  0.1  to  0.3  gm.  should  be  used. 

Salvarsan  in  Other  Diseases. — Salvarsan  has  been  tried  on  a  great 
variety  of  other  diseases  of  the  nervous  system  and  seems  to  have  no 
specific  action,  but  acts  simply  as  arsenic.  The  argument  for  its  use 
sometimes  rests  on  the  large  amount  of  arsenic  that  can  be  introduced, 
but,  as  far  as  we  know,  when  the  compound  does  act,  its  acts  simply 
as  a  result  of  partial  decomposition  and  the  undecomposed  portion  does 
not  act.  Hence  the  only  advantage  it  seems  to  have  over  arsenious 
acid  or  its  salts  is  in  the  certainty  of  application  by  the  intravenous 
route. 

NEOSALVARSAN 

The  possibilities  of  chemotherapy  are  illustrated  by  the  fact  that 
since  this  chapter  was  written  a  new  form  of  Ehrlich's  spirocheticide 
has  become  available  for  the  profession — number  "914,"  or  neosalvar- 
san.  The  chemical  action  of  this  preparation  is  essentially  the  same  as 
that  of  salvarsan,  but  it  has  two  advantages  in  practice:  it  is  directly 
soluble  in  water,  requiring  no  preliminary  treatment,  and  it  forms  a 
neutral  solution.  Ehrlich  succeeded  in  making  these  improvements 
by  replacing  one  of  the  H  atoms  of  one  of  the  NH2  groups  by  formal- 
dehyde sodium  sulfoxylate  CH2  (O  H)  OSONa. 

Neosalvarsan  was  first  sent  to  Schreiber,  of  Magdeburg,  for  trial,  and 
he  used  it  intensively  in  intravenous  form,  giving  one  injection  e\ery 
other  day  for  four  doses,  and  also  advocated  the  intramuscular  injec- 
tion as  much  less  painful  than  the  old  form.  In  a  short  time,  however, 
it  became  evident  that  the  body  could  not  tolerate^  such  frequent 
doses,  as  complications  occurred  in  the  form  of  peripheral  neuritis 
which  was  clearly  due  to  the  drug  itself.  Schreiber,  therefore,  advised 
that  the  interval  between  injections  be  lengthened.  Some  authors 
have  claimed  that  neosalvarsan  is  more  toxic  and  less  effective  than 
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salvarsan,  but  the  consensus  of  opinion  is  that  it  acts  equally  as  well 
and  is  easier  to  give. 

Neosalvarsan  arrived  in  this  country  in  April,  1912,  and  I  have  given 
it  a  thorough  trial  and  feel  that  in  time  it  will  entirely  replace  the  older 
form.  It  is  a  yellow  powder  slightly  darker  than  salvarsan  and  is  one- 
half  heavier,  i.  e.,  0.9  gm.  of  neosalvarsan  is  the  equivalent  of  0.6  gm. 
of  salvarsan.  Rabbits  tolerate  fully  twice  the  weight  of  salvarsan, 
as  the  fatal  dose,  0.2  gm.  per  kilo,  intravenously,  instead  of  0.1  gm. 
Its  action  on  spirochetce  in  chancres  of  rabbits  in  proportionate  dose 
is  fully  as  good  as  that  of  salvarsan,  as  they  disappear  within  twenty- 
four  hours.  The  action  of  neosalvarsan  on  skin  lesions  and  also  on  the 
Wassermann  reaction  has  seemed  to  me  to  be  fully  as  good  as  that  of 
salvarsan.   Its  effect  in  cerebrospinal  syphilis  will  be  discussed  directly. 

I  cannot  recommend  the  intramuscular  injection  of  neosalvarsan  as 
possessing  any  great  advantages  over  that  of  salvarsan.  Swift  has  shown 
that  in  rabbits  the  necrosis  of  tissue  is  not  as  great  and  that  the  absorp- 
tion is  more  rapid,  but  its  administration  is  decidedly  painful  in  any 
form,  and  my  patients  have  protested  vigorously  against  a  second  dose. 
As  was  said  above,  the  equivalent  of  an  intramuscular  injection  can 
be  obtained  by  repeating  intravenous  injections. 

The  technique  of  an  intravenous  injection  is  like  that  for  sah'^rsan, 
except  that  the  powder  is  dissolved  in  about  200  c.c.  of  properly  pre- 
pared 0.4  per  cent  NaCl  solution  and  is  given  immediately,  at  roovi 
temperature.  The  intramuscular  injection  is  prepared  by  dissolving  the 
powder  in  20  to  30  c.c.  freshly  distilled  water  and  injecting  one-half 
in  each  buttock.  The  doses  are  proportionate  to  those  of  salvarsan, 
0.9  gm.  being  the  maximum  for  an  adult. 

Neosalvarsan  can  produce  excellent  results  in  cerebrospinal  syphilis, 
as  is  seen  from  the  abstract  of  the  following  cases:  C.  G.  F.,  aged 
thirty-two  years;  fireman;  no  history  of  s^qphilis.  In  June,  1912,  began 
to  have  severe  headaches.  July  17  consulted  his  physician  with  severe 
headache  and  temperature  of  101°.  July  21  became  entirely  confused. 
July  22  Wassermann  reaction  +  +  ;  Sp.  Fl.  Noguchi  butyric  acid 
test  +  ;  cells  90,  Wassermann  in  fluid  + .  July  29  condition  the  same, 
with  twitching  of  muscles;  patient  was  given  0.6  neosalvarsan  intraven- 
ously and  inunctions  of  mercury  and  KI.  In  forty-eight  hours  the 
temperature  suddenly  dropped  and  remained  normal;  patient  still 
confused.  August  2  a  second  intravenous  injection  was  given  and  in 
a  few  days  the  patient  became  rational.  August  8  a  third  injection 
was  given.   Wassermann  in  blood  and  fluid  negative,  cells  31.  Butyric 

acid  test  H  .   The  patient  soon  went  on  a  furlough  and  in  November 

returned  to  duty  weighing  more  than  ever,  and  in  excellent  general 
condition.  Wassermann,  December  20  — .  This  patient  was  headed 
for  chronic  dementia  in  an  insane  asylum  and  was  saved  by  the  Wasser- 
mann test  and  neosalvarsan.  Full  doses  were  used  because  there  were 
no  localizing  symptoms  as  a  contraindication  and  radical  action  was 
necessary. 

A  more  striking  case  was  one  of  nervous  relapse  observed  by 
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Dr.  Hough,  of  the  Government  Hospital  for  the  Insane,  and  myself. 
This  patient  had  been  given  two  intravenous  injections  in  the  florid 
secondary  stage  and  became  apparently  perfectly  v.ell.  Three  months 
later  he  de\'eloped  a  distinct  psychosis,  with  paresis  of  the  right  side 
and  motor  aphasia.  The  cell  count  of  his  spinal  fluid  was  840  and  we 
were  able  to  demonstrate  Spirochseta  pallida  in  his  fluid  by  inocula- 
tion into  a  rabbit.  Dr.  Hough  gave  the  patient  three  injections  of 
neosalvarsan,  two  intravenous  and  one  intramuscular;  his  cell  count 
dropped  rapidly  to  normal  and  his  symptoms  disappeared  so  completely 
that  in  three  months  he  was  discharged,  practically  well. 
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CHAPTER  X 


THE  TREATMENT  OF  CEREBRAL  HEMORRHAGE, 
EMBOLISM,  AND  THROMBOSIS 

By  FREDERICK  TILNEY,  M.D. 

4 

CEREBRAL  HEMORRHAGE 

It  has  been  the  custom  to  regard  cerebral  hemorrhage,  emboUsm, 
and  thrombosis  as  diseases  of  the  brain.  Symptomatically  and  patho- 
logically there  is  much  to  justify  such  a  view;  yet,  from  the  broader 
clinical  standpoint,  this  attitude  toward  the  question  cannot  fail  to 
be  prejudicial  to  the  most  eflScient  prophylactic  and  preventive  treat- 
ment for  these  conditions. 

Cerebral  hemorrhage,  of  other  than  traumatic  origin,  should  be 
looked  upon  as  a  local  expression  of  a  systemic  pathological  process. 
It  is  but  one  of  the  many  possible  manifestations  w^hich  indicate  a 
failing  resiliency  on  the  part  of  the  tissues  in  general  and  the  blood- 
vessels in  particular.  In  the  greater  number  of  cases  this  is  also  true 
of  cerebral  embolism  and  thrombosis.  These  latter  conditions,  as  a 
rule,  have  an  antecedent  history,  the  interpretation  of  "whose  cardinal 
features  points  to  an  extensive  involvement  of  the  blood-vascular 
apparatus.  The  fact  that  cerebral  hemorrhage  and  infarction  cause 
such  pronounced  symptoms  should  not  be  allowed  to  draw  the  attention 
away  from  the  underlying  causes  which  go  to  make  up  the  pathological 
history  of  these  diseases.  If,  therefore,  cerebral  hemorrhage,  embolism, 
and  thrombosis  be  regarded  as  manifestations  of  systemic  diseases — and 
there  is  every  reason  that  they  should  be  so  regarded — it  is  then  possible 
to  recognize  certain  periods  or  phases  in  the  course  of  their  develop- 
ment with  reference  to  their  clinical  behavior.  This  statement,  while 
of  general  application,  is  subject  to  certain  exceptions,  as  will  appear 
later  in  considering  some  types  of  cerebral  embolism. 

Periods. — The  first  of  these  periods  referred  to  is  the  Period  of 
Preparation.  It  represents  a  phase  of  the  organism  during  which 
the  katabolic  process  is  dominant  and  the  vascular  system  is  under- 
going retrograde  changes  as  a  result  of  more  or  less  obscure  influences. 

The  second  period  is  the  Period  of  Insult,  in  which  some  part  of  the 
vascular  system  in  the  brain  either  ruptures  or  becomes  occluded. 

The  third  period  is  the  Period  of  Paralysis,  in  which,  as  a  result  of 
the  sudden  vascular  changes  in  the  brain  tissue,  certain  symptoms 
make  their  appearance,  due  to  the  interception  or  abrogation  of  definite 
cerebral  functions. 
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Each  of  these  periods  has  a  pathok)g.y  of  its  own.  It  is  doubtless 
the  case  that  each  period  has  its  own  etiology  as  well,  and  hence  will 
demand  special  treatment. 

The  Nature  and  Mechanism.— Not  only  do  the  severity  and  definite 
character  of  the  symptoms  following  cerebral  hemorrhage  make  it 
appear  that  this  type  of  hemorrhage  occurs  more  often  than  in  other 
organs,  but  actual  computation  shows  that  the  spontaneous  rupture 
of  vessels  in  the  brain  is  more  frequent  than  elsewhere.  The  reasons 
for  this  may  be  found  in  the  fact  that  brain  tissue  itself  affords  but 
little  support  to  the  arteries.  In  addition  to  this,  these  arteries  do 
not  anastomose  and  the  arterioles  are  imperfectly  covered  by  a  muscu- 
lar coat.  The  cerebral  arteries  have,  therefore,  but  a  scant  margin  of 
safety  upon  which  to  depend  during  periods  of  increased  vascular 
tension  and  stress. 

Types  and  Etiology. — Hemorrhage  into  the  brain  may  be  of  two 
types,  i.  e.,  capillary  or  spontaneous.  Capillary  hemorrhages  occur  as 
complications  of  acute  infectious  diseases,  as  a  result  of  congesti\-e 
hyperemia,  acute  encephalitis,  or  the  congestion  occasioned  by  the 
pressure  of  tumors  and  exudates. 

Spontaneous  Hemorrhages. — Spontaneous  hemorrhages  are  of  much 
greater  importance.  They  are  caused  by  the  rupture  of  one  of  the 
cerebral  arteries  and  give  rise  to  the  symptoms  usually  described  under 
the  term  of  apoplexy.  The  rupture  of  such  an  artery  is  predetermined 
by  a  diseased  condition  of  its  walls,  which  thus  weakened,  present  a 
series  of  miliary  aneurysms.  The  degeneration  in  the  vessel  may  be 
due  to  inflammation,  calcification  or  sclerosis;  it  may  possibl}^  occur 
in  the  arteries  of  the  brain  only  or,  as  is  usually  the  case,  it  may  be  a 
more  generalized  process  affecting  the  entire  arterial  system.  Whether 
or  not  we  are  to  call  this  condition  atherosis  or  arteriosclerosis  makes 
little  difference  if  we  recognize  that  the  essential  change  is  a  lessened 
resistance  in  the  vessel  walls.  This  change,  moreover,  has  been 
wrought  in  the  course  of  a  gradual  process  whose  direct  causes  are  to 
be  found  in  the  increased  strain  sustained  by  the  arterial  w^all  as  a 
result  of  heightened  blood  pressure,  long  continued  or  occurring  at 
irregular  intervals.  In  addition  to  this,  the  wall  of  the  vessels  may 
be  inherently  weak  due  to  congenital  defectiveness  or  disease;  this 
furnishes  another  direct  cause  of  arteriosclerosis. 

If  the  hemal  vascular  system  were  concerned  merely  with  the  con- 
veyance of  blood  from  one  part  of  the  body  to  another,  its  task  would 
be  a  relatively  simple  one  and  its  liability  to  disease  but  slight.  It 
bears,  however,  the  greater  responsibility  of  vascular  adjustment.  It 
determines  the  distribution  of  the  blood  according  to  the  functional 
necessities  of  the  various  organs.  It  economizes  in  one  region  so  that 
it  may  give  a  fuller  amount  to  another  region  in  actual  need  of  increased 
supply,  in  this  way  it  maintains  a  balance  between  the  various  organs 
according  to  their  varying  needs.  The  most  important  elements  in 
this  mechanism  of  balance  are  the  arterioles.  The  small  and  medium- 
sized  arteries  are  also  active  in  this  mechanism,  so  that  when  one  part 
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is  receivinti;  an  unusual  vohuno  of  blood,  its  vessels  dilate,  while  the 
arteries  and  arterioles  in  other  parts  bepome  correspondingly  contracted 
to  the  end  that  the  normal  average  blood  pressure  of  120  mm,  Hg. 
is  maintained. 

Although  it  is  clear  that  the  vascular  sj^stem  has  a  profound  influence 
upon  the  acti\  ities  of  the  entire  economy,  it  must  be  quite  as  obvious 
that  from  the  xery  intimacy  of  its  relations  with  the  several  organs 
it  becomes  subject  to  influence  from  them  as  w^ell.  Intrinsic  diseases 
of  the  digestive  system  or  its  adnexa,  of  the  urinary,  respiratory,  or 
hemopoietic  systems  of  necessity  require  the  establishment  of  a  new 
balance  which  may  be  to  the  ultimate  disadvantage  of  the  arterial 
walls  because  of  an  increased  blood  pressure.  Such  disorders  as  these 
in  the  organs  of  other  than  the  vascular  system  may  furnish  the  basis 
which  determines  a  permanently  elevated  blood  pressure  and  so  subject 
the  arteries  to  a  deleterious  strain.  From  their  office  as  conveyers  of 
the  blood  stream  the  vessels,  particularly  the  arteries,  lay  themselves 
open  to  injurious  influence  from  another  source.  Passing  as  they  do 
to  all  parts  of  the  body,  they  must  encounter  various  products  of 
metabolism;  their  tolerance  to  the  greater  number  of  these  products 
is  remarkable;  but  under  abnormal  conditions  unusual  products  are 
met  with  and  these,  either  by  direct  stimulation  of  the  vessel  w^alls 
or  by  excitation  of  the  vasomotor  centres  in  the  nervous  sj^  stem,  cause 
a  contraction  of  the  arteries  with  an  attendant  elevation  of  blood  pres- 
sure. There  is  much  evidence  that  intermittent  and  even  prolonged 
arterial  spasms  due  to  these  causes  are  of  much  more  common  occurrence 
than  is  generally  thought  to  be  the  case.  Such  conditions  are  seen  in 
intermittent  claudication,  Raynaud's  disease,  the  vascular  crises  of  the 
splanchnic  area  described  by  Pal  and  according  to  the  recent  studies 
of  Lauder  Brunton,  the  common  forms  of  migraine  usually  called 
"sick  headache."  Increased  blood  pressure  is  undoubtedly  an  indi- 
cation of  injurious  influences  at  work  on  the  vascular  system,  and  it 
probably  is  true  that  of  itself  it  adds  further  to  the  damage  being  done. 

Were  it  possible  to  sum  up  the  causes  which  lead  to  increased  blood 
pressure,  it  would  be  necessary  to  review  all  of  the  processes  of  metab- 
olism giving  rise  to  endogenous  toxins,  and  all  exogenous  toxins,  as 
well  as  the  diseases  peculiar  to  the  several  systems  of  organs  and  finally 
to  recognize  the  inherent  tendency  of  the  arteries  to  lose  their  resiliency 
with  advancing  years.  At  present  we  have  only  a  vague  idea  of  these 
conditions  and  their  possibilities.  Yet  we  do  appreciate  that  certain 
errors  in  diet,  hygiene,  and  the  general  habits  of  life  contribute  in  a 
marked  degree  to  the  vascular  changes  responsible  for  so  much  disease 
in  the  body.  It  is  rarely  the  case  that  a  patient  comes  under  observa- 
tion until  the  arteriosclerotic  changes  have  gained  considerable  head- 
way. In  some  instances,  however,  the  vessels  may  present  surprisingly 
little  sclerosis  and  the  patient  yet  suffer  from  the  effects  of  high  arterial 
tension  due  to  arterial  spasm.  Such  cases  demand  special  care  and 
study.  Somewhere  in  the  economy  the  process  of  metabolism  is  at 
fault;  this  fault  if  allowed  to  ronti'mo  will  inevitably  lead  to  vascular 
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degeneration.  In  either  event,  in  the  case  of  clearly  established  arterio- 
sclerosis or  in  the  case  presenting  arterial  spasm  alone,  the  patient 
must  be  looked  upon  as  favorable  subject  for  a  cerebral  hemorrhage. 
This  should  be  one  of  the  chief  possibilities  Li{^ainst  which  the  treatment 
shall  be  directed. 

Diagnosis. — Cases  of  these  two  varieties  definitely  belong  to  the 
period  of  preparation  for  cerebral  hemorrhage.  With  the  recognition 
of  a  high  arterial  pressure  (180  mm.  to  220  mm.  and  above)  the  first 
question  to  determine  is  whether  this  pressure  is  due  to  arteriosclerosis 
or  arterial  spasm.  IMuch  assistance  will  be  afforded  in  this  inquiry  if 
a  careful  daily  blood  pressure  curve  is  kept  for  a  number  of  days.  A 
sustained  high  pressure  without  marked  fluctuations  would  indicate 
a  sclerotic  rather  than  a  spasmodic  condition  in  the  arteries.  Certain 
precautions  must  be  taken  in  obtaining  the  pressure  curve,  lest  physio- 
logical variations  be  mistaken  for  pathological  changes.  If  taken  once 
a  day,  the  reading  should  be  made  at  the  same  hour  each  time  and 
at  a  stated  interval  after  a  meal;  the  patient  should  always  be  in  the 
same  position  and  under  about  the  same  surroundings.  Exciting 
influences  should  be  excluded  as  far  as  possible  and  the  patient's  mental 
state  ftoted  at  each  reading,  especially  as  to  worry,  depression  and 
the  like.  Further,  to  secure  accuracy  in  the  pressure  curve  it  is  desir- 
able that  the  patient  remain  quietly  in  the  recumbent  or  sitting  posture 
for  fifteen  minutes  before  the  reading  is  taken.  Fluctuations  of  15  to 
20  mm.  on  different  days  should  not  be  regarded  as  contradictory  to 
a  sustained  increased  blood  pressure.  It  is  only  when  the  curve  shows 
marked  depressions  approximating  the  normal  line  with  sudden,  high 
elevations  that  the  question  of  arterial  spasm  should  be  considered. 

Treatment  of  the  Period  of  Preparation — With  the  fact  of  a  sustained 
high  arterial  pressure  once  established  it  becomes  necessary  to  deter- 
mine which  of  the  organs  may  be  particularly  at  fault.  The  kidney 
usually  suggests  itself  first,  and  while  its  condition  should  in  all  cases 
be  carefully  investigated,  important  data  will  be  overlooked  unless 
other  organs  are  also  examined.  This  is  especially  true  of  the  liver, 
which  is  apt  to  be  enlarged  or  cirrhotic.  The  condition  of  the  gastro- 
intestinal tract  may  also  reveal  important  factors  contributing  to  the 
disease,  and  finally  the  heart  and  lungs. 

In  cases  of  arterial  spasm  presenting  intermittent  claudication, 
local  pallors  and  hyperkinesis,  splanchnic  crises,  and  periodic  attacks 
of  migraine  attended  with  high  arterial  pressure,  particular  care  should 
be  taken  to  discover,  if  possible,  some  toxic  irritant  sufficient  to  produce 
the  conditions.  In  the  main,  the  nature  of  such  toxemias  is  still  obscure. 
Interesting  and  suggestive  in  this  connection,  however,  is  the  relation 
of  anaphylaxis  to  arterial  spasm.  It  has  been  conclusively  proved 
by  Schultze  and  Jordan  that  the  anaphylactic  symptoms  in  guinea- 
pigs  which  produce  death  in  apnea  are  due  to  an  obliterating  spasm 
of  the  pulmonary  artery  and  a  contraction  of  the  smooth  nuiscles  of 
the  bronchioles. 

Young  and  robust  individuals  often  sufi^er  from  severe  periodic 
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mii^raine.  For  several  days  before  tlic  miji;raine  occurs  the  blood  pressure 
will  rise  to  200  nun.  Ilg.  or  above.  After  the  acute  attack,  the  pressure 
diminishes  to  140  or  150  mm.  Hg.  Headaches  occurring  on  the  average 
of  twice  a  week  subject  these  patients  to  dangerously  high  blood  pressure 
the  major  part  of  the  time.  On  a  protein-free  diet  these  cases  often 
go  for  long  periods  without  headaches,  and  even  a  slight  amount  of 
meat  will  frequently  cause  a  violent  attack  of  migraine.  The  possi- 
bility of  the  patient's  sensitization  to  proteins  should  be  considered 
in  every  case  of  spasmodic,  remittent  high  blood  pressure  and  a  protein- 
free  diet  rigorously  enforced  for  at  least  one  week  in  order  to  make 
accurate  observations.  If  this  diet  holds  the  increase  of  blood  pressure 
in  abeyance,  a  small  amount  of  some  specified  meat  may  be  given  in 
order  to  test  experimentally  the  anaphylactic  tendencies  of  the  patient 
to  this  particular  protein.  Following  this,  a  rise  in  blood  pressure 
indicates  that  the  patient  will  do  better  without  this  protein  unless 
an  immunity  can  be  produced. 

Other  toxins  may  occasion  increase  of  blood  pressure,  especially 
those  arising  as  by-products  of  enteric  digestion  such  as  indol  and 
skatol.  'These  substances  are  generally  rendered  innocuous  by  the 
liver  and,  in  part,  by  the  muscles.  Their  production  is  best  controlled 
by  limiting  the  amount  of  ingested  meat,  increasing  the  amount  of 
outdoor  exercise,  free  and  regular  catharsis,  together  with  the  use  of 
the  lactic  acid  producing  bacteria,  preferably  in  some  of  the  artificially 
soured  milks.  The  management  of  cases  having  high  blood  pressure 
due  to  intermittent  arterial  spasm  is  diflScult  in  many  ways.  As  a 
rule,  the  patient's  general  health  is  good  and  it  requires  much  emphasis 
to  impress  upon  him  the  necessity  of  carefully  regulating  his  life  and 
habits.  Sedentar}^  occupation  should  be  relieved  by  recreation  and 
outdoor  exercise;  overeating  should  be  avoided  and  the  use  of  alcoholic 
beverages  interdicted. 

In  cases  of  high  pressure  due  to  spasm  of  the  vessels,  the  pulse  will 
gradually  decrease  in  volume  as  the  manometer  pressure  increases. 
Immediately  before  it  becomes  obliterated,  however,  the  pulse  will 
show  several  pulsations  of  nearly  full  volume.  This  has  been  called 
"ballooning  of  the  pulse  before  disappearance."  It  does  not  occur 
in  elevated  blood  pressure  due  to  arteriosclerosis. 

When  the  blood  pressure  is  permanently  high  in  the  presence  of 
arteriosclerotic  changes,  the  problem  of  the  treatment  becomes  more 
complicated.  The  patient  is  now  actually  in  a  condition  favorable  to 
cerebral  hemorrhage,  and  this  accident  must  not  be  regarded  as  among 
the  least  likely  outcomes  of  his  condition.  The  literature  concerning 
the  treatment  of  arteriosclerosis  is  one  of  the  most  extensive  chapters 
of  internal  medicine,  and  too  wade  a  subject  to  permit  of  more  than  a 
summary  consideration  here.  It  is  extremely  doubtful  whether  any 
therapeutic  agents  can  repair  the  damage  already  inflicted  upon  the 
arteries.  The  problem  of  the  treatment  centres  about  the  attempt  to 
restrict  the  further  advance  of  the  disease  and  to  instruct  the  patient 
to  live  within  the  limits  imposed  upon  him  by  his  sclerotic  vessels.  The 
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condition  of  the  kidney,  liver,  and  intestines  sliould  1)6  carefullys  watehed 
with  speeial  attention  to  the  possible  oeeurrenee  of  any  of  the  toxemias 
already  mentioned.  The  drug  almost  universally  recommended  is 
potassium  iodide,  or  else  the  iodine  radical  In  some  other  form,  as,  for 
example,  dilute  hydriodic  acid.  In  some  quarters  this  medication  has 
fallen  into  disrepute  and  is  regarded  as  a  mere  fetish.  Absolute  proof 
against  this  contention  is  not  forthcoming,  but  the  approval  of  the  use 
of  potassium  iodide  is  so  general  as  to  justify  its  application  to  all  cases. 

Diet. — In  the  matter  of  diet  for  these  patients,  it  is  difficult  to  make 
general  recommendations  which  will  be  specific  enough  for  particular 
cases.  The  application  of  dietetics  is  unfortunately  limited  by  the 
fact  that  the  digestive  processes  differ  in  different  individuals,  and  the 
diet  which  may  be  beneficial  for  one  person  may  be  quite  the  reverse 
for  another.  This  doubtless  explains  the  great  differences  of  opinion 
among  dieticians  in  recommending  the  kinds  of  food  best  suited  to  any 
given  disease.  In  this  light  the  best  advice  as  to  diet  is  the  injunction 
to  be  moderate  in  eating  and  to  select  such  foods  for  a  diet  as  have 
previously  been  proved  to  agree  with  the  patient.  To  this  must  be 
added  the  general  precaution  of  excluding  the  proteins  or  carbohydrates 
as  the  case  may  demand.  Alcoholic  beverages  should  be  prohibited, 
for  in  spite  of  the  fact  that  their  use  in  moderation  has  been  recom- 
mended, the  interpretation  of  the  meaning  of  moderation  must  not 
be  left  in  the  patient's  hands.  It  is  seldom  possible  for  a  patient  to 
estimate  this  limitation  correctly,  or  having  made  a  correct  estimate 
to  live  up  to  it,  so  that  all  things  considered  it  is  better  to  interdict  the 
use  of  alcohol  altogether. 

General  Hygiene. — The  matter  of  general  hygiene  is  of  equal  impor- 
tance. The  occupation  of  the  patient  should  be  regulated  insofar  as 
possible.  The  participation  in  unusually  active  business  affairs,  entail- 
ing great  responsibility  and  anxiety,  is  distinctly  disadvantageous. 
Sedentary  habits  should  be  avoided  and  a  moderate  amount  of  daily 
outdoor  exercise  recommended.  Bearing  upon  the  amount  and  kind 
of  exercise  in  which  patients  suffering  from  high  arterial  pressure  should 
be  allowed  to  indulge,  there  has  been  much  discussion.  Jones'  figures 
bring  some  interesting  facts  to  light  in  this  regard.  They  seem  to  show 
that  whereas  the  exertion  of  such  natural  acts  as  laughing,  defecation, 
coitus,  and  the  like  have  been  held  responsible  for  the  production  of 
cerebral  hemorrhage,  in  only  a  very  few  instances  have  these  acts  been 
in  any  sense  causatiue.  In  114  cases  of  cerebral  hemorrhage,  18.4 
per  cent,  occurred  while  the  patients  w^ere  in  bed  and  9.9  per  cent, 
during  sleep.  "From  this  it  appears  that  rest  in  bed  and  especially 
sleep  protects,  to  some  extent,  against  cerebral  hemorrhage;  yet  a 
miliary  aneurysm  that  is  going  to  rupture  rarely  needs  the  aid  of 
severe  exertion  for  this  consummation."  These  facts  seem  to  justify 
the  recommendation  of  a  certain  amount  of  outdoor  exercise  for 
patients  suffering  from  permanently  elevated  blood  jiressure. 

It  is  unfortunately  the  case  that  the  majority  of  hemiplogics  pass 
through  the  period  which  is  preparing  them  for  their  apoplexy  without 
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any  knowledj?e  of  tlie  ominous  changes  which  have  been  occurring. 
Often  cerebral  liemorrliage  is  the  fir^^t  indication  of  arteriosclerosis  or 
chronic  nephritis.  For  this  reason  the  remarks  on  the  treatment  of 
the  period  of  preparation  have  perhaps  more  theoretical  than  practical 
value.  They  may,  however,  serve  to  call  attention  to  the  fact  that 
there  is  such  a  period  in  the  greater  proportion  of  cerebral  hemorrhages, 
and  that  all  patients  suffering  from  sustained  high  blood  pressure  with 
arteriosclerosis  are  potentially  hemiplegics. 

Treatment  of  the  Period  of  Insult. — The  Immediate  Management  of 
the  Case. — A  patient  found  in  coma  demands  the  closest  investigation 
possible.  The  first  fact  to  be  determined  is  the  presence  or  absence  of 
hemiplegia.  If  the  coma  is  not  too  deep  this  question  may  be  readily 
answered  by  examining  the  muscular  resistance  of  the  legs  and  arms 
of  the  two  sides  of  the  body.  The  coma  is  often  so  profound  as  to  render 
both  sides  of  the  body  equally  irresponsive.  In  this  event  a  valuable 
aid  to  the  diagnosis  is  the  Marie-Foix^  reaction.  This  test  is  made  by 
forcibly  pressing  the  foot  into  extreme  plantar  flexion  and  at  the  same 
time  compressing  the  toes.  On  the  paralyzed  side  a  sharp  contraction 
will  be  observed  in  the  tensor  vaginae  femoris  and  quadriceps  extensor 
muscles.  The  same  procedure  on  the  unparalyzed  side  causes  little 
or  no  response. 

When  it  is  clear  that  a  hemiplegia  is  present  the  next  step  is  to  deter- 
mine, if  possible,  whether  it  is  caused  by  hemorrhage,  embolism,  or 
thrombosis.  The  blood  pressure  furnishes  important  and  significant 
information  in  this  connection.  If  the  pressure  is  high  the  inference 
may  be  made  that  the  cause  of  the  apoplexy  is  hemorrhage  or  embolism. 
Auscultation  of  the  heart  sounds  is  the  next  step  and  if  no  cardiac 
murmurs  are  heard  the  case  may  be  provisionally  regarded  as  one  of 
hemorrhage.  The  state  of  consciousness  of  the  patient  should  be  noted, 
and,  if  unconscious,  the  depth  of  the  coma  estimated  as  shown  by  the 
condition  of  the  pupils  and  their  reaction  to  light.  As  collateral  evi- 
dence the  character  of  the  patient's  activity  when  stricken  should  be 
considered  and  the  question  of  prodromas  inquired  into  when  such 
information  is  available.  Contrary  to  generally  accepted  ideas, 
prodromal  symptoms  are  more  frequent  in  thrombosis  and  embolism 
than  in  hemorrhage. 

Before  arriving  at  a  tentative  diagnosis  of  cerebral  hemorrhage, 
certain  other  possibilities  must  be  considered.  Chief  among  these  is 
sj'philitic  endarteritis  of  the  brain.  Cerebral  neoplasm,  abscess,  and 
meningitis  should  also  be  thought  of  as  possible  causes  of  the  hemiplegia. 
These  topics  are  dealt  with  in  extenso  in  other  chapters  and  hence  only 
such  phases  of  them  as  have  bearing  on  the  immediate  diagnosis 
of  cerebral  hemorrhage  in  its  early  stages  will  be  mentioned  here.  In 
case  of  an  adult  under  forty  years  of  age,  found  comatose  and  with  a 
demonstrable  hemiplegia,  the  question  of  syphilitic  endarteritis  should 
be  raised  at  once.  It  may  be  adequately  settled  only  by  subsequent 
examination  of  the  blood  for  the  Wassermann  reaction.    In  many 

*  See  article  by  Jelliffe:  Little  Signs  of  Hemiplegia,  Postgraduate,  October,  1912. 
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cases  of  this  type  in  which  this  reaction  cannot  l)e  obtained  from  the 
blood,  it  is  found  present  in  the  cerebrospinal  fluid.  Other  e\'idence 
of  a  luetic  condition  should  be  sought  for.  In  rare  cases  coma  and 
hemiplegia  have  been  reported  as  occurring  in  the  secondary  stage  of 
syphilis.  Wherever  possible  it  is  always  advantageous  to  make  an 
ophthalmoscopic  examination  for  the  patient's  eye-grounds.  Any  of 
the  electric  ophthalmoscopes  are  serviceable  for  this  purpose.  If  the 
pupillary  contraction  is  excessive  a  very  convenient  form  of  mydriatic 
is  the  cocaine  hydrochlorate  tablet  of  Burroughs  &  Wellcome,  each 
containing  ^^g-  gr.  of  the  drug.  Two  of  these  in  either  eye  will  give  a 
satisfactory  dilatation  in  five  or  ten  minutes.  The  presence  of  a  diffuse 
retinitis  or  a  retrobulbar  neuritis  should  still  further  strengthen  the 
suspicion  of  a  syphilitic  factor  in  the  disease.  Ophthalmoscopic  exami- 
nation is  valuable  in  all  cases.  In  cerebral  hemorrhage  the  vessels 
of  the  optic  disk  are  engorged  and  the  disk  itself  after  a  relatively  short 
time,  in  many  cases,  shows  a  distinct  tendency  toward  cupping.  This 
is  seldom  true  in  thrombosis  or  embolism.  Cerebral  neoplasms  in  85 
per  cent,  of  all  cases  show  a  distinct  choked  disk  in  one  or  both  eyes. 
Here,  again,  the  blood  pressure  will  aid  in  the  diagnosis.  In  cerebral 
neoplasm,  syphilitic  endarteritis,  and  abscess  the  blood  pressure  is  rela- 
tively low.  It  is  uniformly  high  in  cerebral  hemorrhage,  Is  generally 
high  in  cerebral  embolism  and  low  in  thrombosis.  Coma  and  hemiplegia 
in  a  patient  with  high  blood  pressure  (190  mm.  or  above)  engorgement 
of  the  vessels  of  the  optic  disk,  and  a  tendency  toward  a  papillary 
edema,  constitute  presumptive  evidence  of  a  cerebral  hemorrhage. 

After  a  provisional  diagnosis  of  hemorrhage  has  been  made  the  first 
consideration  influencing  the  treatment  is  the  place  in  which  the  patient 
has  been  stricken  and  what  immediate  disposition  must  be  made  of 
him.  If  the  apoplectic  attack  has  occurred  in  some  place  other  than 
the  patient's  home  the  effort  should  be  made  to  accommodate  him 
temporarily  without  removal.  If  he  has  fallen  unconscious  upon  the 
floor  he  should  be  allowed  to  remain  there  and  moved  as  little  as  possi- 
ble. The  head  and  shoulders  should  be  elevated  b}^  one  or  two  pillows, 
and  all  tight  clothing  removed,  especially  in  the  case  of  women.  Care 
must  be  taken  not  to  move  the  patient  about  unnecessarily  and  for 
this  reason  it  is  best  to  cut  the  clothing.  If  it  is  necessary  to  transport 
the  patient  to  hospital  or  home  the  utmost  care  must  be  exercised.  The 
patient  should  be  cautiously  placed  on  a  stretcher  with  the  head  and 
shoulders  slightly  elevated  and  transferred  to  the  vehicle  with  as  little 
jarring  or  swinging  as  possible.  The  same  precautions  must  be  taken 
in  placing  the  patient  in  bed.  The  head  of  the  bed  should  be  elevated 
to  an  angle  of  10  degrees  or  15  degrees  and  the  blood  pressure  again 
taken.  If  it  has  increased  decidedly  and  if  the  coma  has  become  more 
profound  the  advisability  of  phlebotomy  should  be  considered.  In  all 
cases  in  which  the  blood  pressure  steadily  rises  and  tends  to  exceed 
250  mm.  of  Hg.  beneficial  results  are  had  from  opening  a  vein  and 
drawing  off  10  to  12  ounces  of  blood.  Leszynsky  reports  a  case  of  a 
man  suffering  from  cerebral  hemorrhage  in  profound  coma  with  a 
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systolic  blood  pressure  of  300  mm.  After  14  ounces  of  blood  were 
removed  the  pressure  fell  rapidly  to  190  mm.  and  the  patient  regained 
consciousness.  Phlebotomy  is  a  procedure  to  be  resorted  to  only  in 
cases  of  excessively  high  pressure  and  deep  coma. 

It  frequently  happens  that  the  patient  is  stricken  in  some  part  of  his 
home  remote  from  his  sleeping  quarters.  In  such  cases  no  attempt 
should  be  made  to  remove  him  to  his  own  bedroom,  but  temporary 
accommodations  must  be  provided  for  him  in  the  place  where  he  has 
fallen.  After  the  clothes  have  been  removed,  as  already  suggested,  and 
the  patient  placed  in  bed  a  hot  mustard  foot  bath  or  hot  packs  over 
the  lower  extremities  will  help  in  reducing  the  blood  pressure.  In  some 
cases  where  the  hemorrhage  is  evidently  extensive  and  long  continued 
a  tourniquet  about  both  legs  near  the  trunk  is  of  service.  This  seems 
to  be  of  particular  value  in  hemorrhages  of  the  ingravescent  type.  An 
ice  cap  placed  upon  the  head  is  usually  recommended  and  may  have 
some  efficacy. 

The  bladder  should  be  especially  w^atched  and  the  patient  catheter- 
ized  at  once  if  there  is  any  considerable  amount  of  urine  present. 
This  particular  should  be  a  matter  of  special  care  for  the  first  few 
days  following  the  attack,  or  so  long  as  the  coma  lasts 

Hypodermic  Medication. — Medication  at  this  time  has  one  chief  object, 
the  reduction  of  the  blood  pressure.  The  drugs  prescribed  should  be 
given  by  mouth  preferably,  but  in  many  cases  this  is  dangerous,  since 
the  patient  cannot  swallow  or  has  some  degree  of  dysphagia.  Hypo- 
dermic injection  must  then  be  resorted  to 

Drug  Action  on  Blood  Pressure. — Several  years  ago  the  writer 
had  the  opportunity  to  conduct  a  series  of  clinical  experiments,  with 
the  object  of  testing  the  value  of  certain  cardiovascular  agents,  admin- 
istered hypodermically,  in  their  application  to  cerebral  hemorrhages. 
Hemiplegic  patients  were  selected  for  these  tests  and  observations  of 
the  blood  pressure  were  made  at  intervals  of  every  five  minutes  after 
the  h}'podermic  injection  of  the  drug.  The  experiments  were  conducted 
in  groups  of  five  to  ten  patients  each  and  an  average  pressure  curve 
was  computed  from  the  readings  obtained.  In  all  150  patients  were 
examined  under  these  conditions.  The  majority  of  these  patients  pre- 
sented a  marked  elevation  of  blood  pressure  as  one  of  the  symptoms 
of  their  diseased  conditions. 

Distilled  Water. — The  effects  of  hypodermic  injection  of  distilled 
water  showed  that  in  every  instance  there  was  a  decided  rise  of  blood 
pressure. 


Average  Water  Curve  (Aqua  Destillata,  Tllx),  Average  Initial  Pressure 

180.2  MM.  Hg. 


Interval. 

End  of  5  min. 
End  of  10  min. 
End  of  15  min. 
End  of  20  min. 
End  of  2.5  min. 
End  of  .30  min. 


Pressure. 

180.2  mm.  Hg. 
180.2  mm.  Hg. 
181.2  mm.  Hg. 
195.0  mm.  Hg. 
inO.O  mm.  Hg. 
205.0  mm.  Hg. 


Interval. 

End  of  35  min. 
End  of  40  min. 
End  of  55  min. 
End  of  60  min. 
End  of  75  min. 


Pressure. 

197.2  mm.  Hg. 
193.4  mm.  Hg. 
190.2  mm.  Hg. 
192.6  mm.  Hg. 
190.6  mm.  Hg. 
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This  curve  indicates  that  the  injection  of  plain  water  causes  an  eleva- 
tion in  the  blood  pressure  and  suggests  the  necessity,  when  eniployin^,' 
any  depressant,  of  selecting  such  preparations  and  strengths  as  will 
not  only  efficiently  reduce  the  pressure,  buL  even  more  efl'ectually 
overcome  the  elevating  effects  of  the  water. 

Aconiiine. — The  first  depressant  employed  in  the  experiments  was 
aconitine,  the  active  principle  of  aconite.  Hypodermic  tablets  marked 
"Aconitine  (Pure  Crystal)  grain  yiir/'  and  prepared  by  two  standard 
tablet  manufacturing  houses,  were  used.  The  injection  solution  (aque- 
ous) was  so  made  up  that  every  ten  minims  represented  yirr  grain  of 
aconitine. 

Fig.  36 
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In  ever}^  case  the  blood  pressure  rose  after  a  very  short  interval, 
the  maximum  elevation  being  35  mm.  Hg.,  the  minimum  being  5  mm. 
Hg.  The  interval  elapsing  between  the  time  when  the  rise  first  became 
apparent  until  it  reached  its  summit  varied  from  ten  to  twenty  minutes, 
being  on  the  average  about  fifteen  minutes.  After  the  primary  eleva- 
tion there  followed,  as  a  rule,  a  subsequent  fall  in  pressure. 

Computation  of  the  figures  obtained  from  the  ten  individual  curves 
charted  for  aconitine,  grain  j^Qy  furnishes  the  basis  for  the  following 
average  pressure  curve: 


Average  Pressure  Curve;  Aconitine,  Grain  x^o-    (Hypodermic  Tablets 

Marked  "Pure  Crystal.") 


Interval. 

End  of  5  min. 
End  of  10  min. 
End  of  15  min. 
End  of  25  min. 
End  of  30  min. 


Pressure. 

196.25  mm. 
212.50  mm. 
215.25  mm. 
212.75  mm. 
208.75  mm. 


Interval. 

Hg.  End  of  35  min. 
Hg.  End  of  40  min. 
Hg.  End  of  55  min. 
Hg.  End  of  60  min. 
Hg.  End  of  70  min. 
End  of  80  min. 


Pressure. 

208.75  mm.  Hg. 
205.0  mm.  Hg. 
199 . 75  mm.  Hg. 
196.25  mm.  Hg. 
193.0  mm.  Hg. 
193.5  mm.  Hg. 


Aconitine  (Potent  Crystal)  in  doses  of  grain  yj-o  gave  results  which, 
if  not  altogether  satisfactory,  at  least  demonstrated  that  the  drug  in 
this  preparation  and  dosage  is  a  somewhat  active  hypodermic  agent 
for  reducing  blood  pressure.  Its  effects  were  not  always  uniform  and 
therefore  decidedly  open  to  objection. 

In  two  instances  the  curve  described  a  distinct  primary  rise,  followed 
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by  a  subsequent  fall,  which  in  turn  ga\'e  place  to  a  secondary  rise, 
carryiuii;  the  curve  within  a  few  po;nts  of  the  initial  pressure.  This 
phenomenon  was  so  at  variance  with  the  general  character  of  the  other 
observations  that  an  attempt  was  made  to  explain  its  appearance  upon 
some  basis  other  than  the  drug  influence,  but  nothing  which  would 
tend  to  explain  the  exceptional  character  of  the  curve  in  the  two 
instances  cited  could  be  brought  to  Hght.  It  was  therefore  decided 
to  allow  them  to  stand  as  representative  of  the  experiment.  The  efll'ect 
of  these  two  primary  elevations  upon  the  average  curve  is,  of  course, 
only  fractional,  but  must  be  assigned  its  due  value. 


Fig.  37 
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Computation  of  the  figures  obtained  from  the  ten  individual  curves 
charted  for  aconitine,  grain  yto>  furnishes  the  basis  for  the  following: 


Average  Curve  (Aconitine — Potent  Crystal,  Merck),  Grain  i|o,  Initial 

Pressure  171.5  mm.  Hg. 


Interval. 

End  of  10  min. 
End  of  15  min. 
End  of  20  min. 
End  of  25  min. 
End  of  30  min. 
End  of  35  min. 
End  of  45  min. 


Pressure.  Interval.  Pressure. 

170 . 4  mm.  Hg.  End  of  50  min.  156 . 3  mm.  Hg. 

167 . 0  mm.  Hg.  End  of  55  min.  165 . 5  mm.  Hg. 
167 . 7  mm.  Hg.  End  of  60  min.  165 . 9  mm.  Hg. 

167 . 1  mm.  Hg.  End  of  65  min.  169 . 6  mm.  Hg. 

165 . 2  mm.  Hg.  End  of  70  min.  165 . 2  mm.  Hg. 
155.9  mm.  Hg.  End  of  75  min.  168.2  mm.  Hg. 
154 . 7  mm.  Hg.  End  of  80  min.  172 . 7  mm.  Hg. 

End  of  85  min.  178 . 9  mm.  Hg. 


Considered  per  se  this  accredits  aconitine,  grain  j^-q,  with  a  slight 
primary  depressant  effect.  At  the  end  of  ten  minutes  the  pressure 
is  reduced  a  little  over  1  mm.  Hg.  In  15  minutes  the  total  reduction  is 
4.5  mm.  Hg.,  at  about  which  level  the  curve  remains  for  the  ensuing 
fifteen  minutes.  Then  occurs  a  still  greater  decline,  carrying  the  curve 
downward  for  a  gross  drop  of  17  mm.  Hg.  At  the  end  of  fifty  minutes 
the  curve  begins  to  ascend  again  until  in  eighty-five  minutes  it  reaches 
a  point  7  mm.  Hg.  higher  than  the  average  initial  pressure. 

(Jelseminime  Ifydrochlnrate. — Gelseminine  hydrochlorate  in  doses 
of  Krain  acts  as  a  mild  depressant.  Its  primary  depressant  effect 
is  followed  by  a  slight  rise,  with  a  subsequent  secondary  decline 
which  tends  to  be  more  persistent.   In  one  case,  instead  of  a  primary 
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decline  a  decided  i)rimary  rise  appeared.  This  primary  rise  could  not 
be  exi)lained  upon  any  tenable  grounds  and  therefore  figured  in  the 
determination  of  the  average  curve.  Computation  of  the  figures 
obtained  from  the  five  individual  curves  charted  for  gelseminine 
hydrochlorate,  grain  -2-^,  furnishes  the  basis  for  the  following: 


Average  Curve,  Gelseminine  Hydrochlorate,  Grain  ^-r,,  Average  Initial 
,         Pressure  186.7  mm.  Hg. 


Interval. 

End  of  5  min. 
End  of  10  min. 
End  of  15  min. 
End  of  20  min. 
End  of  25  min. 
End  of  30  min. 
End  of  35  min. 
End  of  40  min. 


Pressure. 

186.7  mm.  Hg. 
185.28  mm.  Hg. 
185.28  mm.  Hg. 
182.18  mm.  Hg. 
190.58  mm.  Hg. 
196.0  mm.  Hg. 
196.0  mm.  Hg. 
196.0   mm.  Hg. 


Interval. 

End  of  50  min. 
End  of  55  min. 
End  of  60  min. 
End  of  65  min. 
End  of  70  min. 
End  of  75  min. 
End  of  80  min. 


196 
196 
189 
167 
166 
166 


Pressure. 
.  0  mm. 
.0  mm. 
.0  mm. 
.2  mm. 
.  1  mm. 
.2  mm. 


Hg. 
Hg. 
Hg. 
Hg. 
Hg. 
Hg. 

166 . 3  mm.  Hg. 


Gelseminine  hydrochlorate  was  also  used  in  doses  of  -f^  grain;  this 
exceeds  the  dosage  generally  recommended  by  the  authorities,  but 
no  untoward  results  from  its  use  were  observed.  At  the  same  time 
it  proved  the  most  reliable  and  consistent  agent  employed.  Its  first 
effect  is  to  produce  an  early  and  marked  decline  in  the  blood  pressure. 


Fig.  38 
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Action  of  gelseminine  hydrochlorate. 


This  depression  is  maintained  for  some  time,  whereupon,  as  in  all 
other  cases,  a  subsequent  return  to  the  initial  pressure  occurs. 

Average  Curve,  Gelseminine  Hydrochlorate,  Grain      Average  Initial 

Pressure  185  mm.  Hg. 


Interval. 

End  of  10  min. 
End  of  20  min. 
End  of  25  min. 
End  of  35  min. 
End  of  40  min. 
End  of  50  min. 


Pressure. 

175.0  mm.  Hg. 
165  .0  mm.  Hg. 
165.0  mm.  Hg. 
167.6  mm.  Hg. 
183.6  mm.  Hg. 
182.6  mm.  Hg. 


Interval. 

End  of  65  min. 
End  of  70  min. 
End  of  100  min. 
End  of  110  min. 


Pressure. 

179.4  mm.  Hg. 
173.4  mm.  Hg. 
179  .6  mm.  Hg. 
175.6  mm.  Hg. 


Aconitine  in  the  commercial  form  of  hypodermic  tablets  is  not  to 
be  relied  upon,  its  action  oftentimes  being  the  direct  opposite  to  the 
one  desired.  In  solution  aconitine  (i)otent  crystal,  Merck)  in  doses 
as  high  as  y^ij-  grain  is  not  a  desirable  agent  when  a  rapid,  reliable 
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and  decided  depressing  effect  is  needed.  Gelseminine  hydrochlorate 
in  doses  of  grain  produces  a  rapid  and  marked  decline  in  blood 
pressure  and,  therefore,  when  compared  with  aconitine  seems  to  be 
a  more  useful  and  reliable  agent.  Its  depressing  effect,  however,  is 
not  long  sustained.  Whether  it  will  prove  more  stable  in  tablet  form 
than  appears  to  be  the  case  with  aconitine  is  still  a  question. 

The  significance  and  dangers  of  the  early  return  to  the  initial  pressure, 
uniformly  observed  after  the  use  of  any  of  the  agents  employed,  are 
evident  enough  without  explanation.  That  such  an  elevation  would 
become  a  crux  in  dealing  with  cases  of  cerebral  hemorrhage  cannot  be 
denied,  the  only  question  being  how  to  prevent  it.  The  suggestion 
offered  is  the  continuing  injection  of  the  drug  solution  at  the  time 
when,  according  to  the  average  curve,  the  secondary  elevation  first 
makes  its  appearance. 

The  dangers  and  disadvantages  of  the  hypodermic  mode  of  admin- 
istration for  cardiovascular  depressant  effects  are  well  illustrated  by 
what  has  been  called  the  water-curve  type.  It  is  evident  that  in  aque- 
ous hypodermic  solutions  of  any  depressant  agent  the  drug  must 
be  of  such  strength  as  to  overcome  the  primary  stimulating  effect  of 
the  water,  while  the  w^ater  itself  must  be  present  in  such  small  quan- 
tities as  to  cause  the  least  possible  amount  of  stimulation.  In  other 
words,  aqueous  hypodermic  solutions  for  depressing  effects  must  be  as 
highly  concentrated  as  possible.  The  use  of  cardiovascular  depress- 
ants dissolved  in  a  hypodermic  cylinder  full  of  water  (Tn,20  to  30)  is 
to  be  avoided. 

Use  of  Nitroglycerin  or  Nitrites. — The  use  of  nitroglycerin 
or  nitrite  preparations  cannot  be  recommended,  since  these  agents 
produce  a  marked  initial  elevation  of  blood  pressure  and  are  all  alike 
evanescent  in  their  depressant  effects. 

Medication  by  Mouth. — As  already  stated,  it  is  advisable  to  administer 
drugs  by  the  mouth,  provided  the  patient  is  able  to  swallow.  Aconite 
is  the  most  reliable  of  the  cardiovascular  depressants.  It  is  best  given 
as  the  tincture,  although  some  authorities  object  to  its  use  in  this  form 
because  of  the  contained  alcohol,  w^iich  they  regard  as  a  possible  stimu- 
lant, and  hence  contraindicated  under  the  conditions.  To  meet  this 
difficulty  the  fluidextract  may  be  substituted.  The  following  doses  of 
the  different  pharmacopoeial  tinctures  may  be  given. 

Tincture  of  aconite  U.  S.  P.  (1900)  mS 

Tincture  of  aconite  U.  S.  P.  (1890)  mi 

Tincture  of  aconite   B.  P.  T([5 

The  interval  between  doses  as  well  as  the  size  of  the  dose  wall  depend 
upon  the  influence  the  drug  exerts  upon  the  blood  pressure  and  the 
susceptibility  of  the  patient  to  its  toxic  properties.  If  an  initial  dose 
of  5  minims  has  produced  no  effect  upon  the  arterial  pressure,  this 
dose  should  be  repeated  at  the  end  of  an  hour.  With  a  presswre  of 
200  mm.  or  over,  it  is  safe  to  start  with  a  dose  of  10  minims  of  the 
tincture,  but  in  any  event  the  blood  pressure  must  be  taken  at  least 
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every  lialf-hoiir.  Slioukl  the  first  dose  j)ro(iuce  no  marked  eliaiif^e  in 
the  pressure  the  next  one  must  be  increased.  Achninistration  in  this 
way  may  be  continued  for  several  hours  or  until  the  desired  depressant 
effect  is  obtained.  The  general  condition  of  the  patient  must  be  care- 
fully watched  lest  the  drug  cause  a  dangerous  toxemia.  Indications 
for  the  discontinuance  of  the  aconite  are  dilatation  of  the  pupil,  vom- 
iting, irregularity  of  the  pulse,  cold  moist  skin,  especially  over  feet 
and  hands,  an  erythematous  rash,  and  dyspnea.  If  the  fluidextract 
is  the  form  selected,  its  administration  should  be  even  more  carefully 
supervised.  It  may  be  given  in  doses  of  |  to  2  minims  every  hour 
until  the  blood  pressure  is  sufficiently  decreased. 

The  question  naturally  arises  as  to  what  constitutes  a  sufficient 
decrease  of  the  blood  pressure.  The  answer  to  this  will  depend  entirely 
upon  how  high  the  arterial  pressure  was  before  the  administration  of 
any  drug.  In  the  average  case  a  fall  of  20  to  30  mm.  may  be  deemed 
sufficient,  but  in  all  cases  with  an  initial  pressure  well  above  200  mm. 
the  attempt  must  be  made  to  bring  this  down  below  the  200  mm.  mark. 

Once  having  reduced  the  blood  pressure  to  a  sufficient  degree,  it 
will  be  necessary  to  hold  it  at  this  or  a  lower  level.  This  may  be  accom- 
plished by  continued  smaller  doses  of  aconite  at  the  same  intervals,  or 
the  original  dosage  at  longer  intervals. 

Veratrum  viridi  may  be  substituted  for  aconite.  Its  use  is  more 
especially  indicated  in  cases  complicated  by  uremia.  The  fluidextracts 
should  be  given  in  doses  of  2  to  5  minims  every  hour  or  the  tincture 
in  doses  of  5  to  10  minims  at  the  same  interval.  As  in  the  case  of 
aconite  the  size  of  the  dose  as  well  as  the  length  of  the  interval 
between  doses  will  depend  upon  the  manner  in  which  the  blood 
pressure  responds  to  the  drug. 

Gelseminine  is  another  useful  substitute  for  aconite.  It  may  be 
administered  as  the  fluidextract  in  doses  of  5  to  10  minims  or  as  the 
tincture  in  doses  of  ^  to  1  dram. 

Apocynum  in  the  form  of  the  fluidextract  in  doses  of  5  to  20  minims 
is  also  a  valuable  depressant. 

In  the  event  of  using  any  of  the  cardiovascular  depressants,  either 
by  mouth  or  hypodermically,  the  blood  pressure  should  be  taken 
every  two  hours  and  should  serve  as  the  chief  guide  to  the  frequency 
and  size  of  the  dose  given.  Nitroglycerin  and  the  nitrite  by  mouth 
should  be  avoided  in  all  cases.  They  produce  a  primary  elevation  of 
blood  pressure  while  their  depressant  effects  are  very  fleeting. 

Purgatives. — Early  and  active  purgation  of  the  patient  is  especially 
recommended.  If  deglutition  is  not  too  difficult  and  imperfect  a  com- 
pound cathartic  pill  should  be  given  as  soon  as  possible  after  the 
patient  has  been  placed  in  bed.  Should  the  coma  be  profound,  one 
drop  of  croton  oil  (oleum  tiglii)  may  be  applied  to  the  back  of  the 
tongue. 

Sedatives. — In  cases  presenting  convulsions,  delirium,  or  restless- 
ness, bromides,  chloral,  or  hyoscine  hydrobromate  will  prove  useful. 
If  the  patient  be  alcoholic  small  doses  of  whisky  may  be  required. 
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Patients  often  suffer  from  severe  retelling,  vomiting,  or  hiccough. 
Under  these  conditions  the  stomach  should  be  washed  out  at  once. 
In  tliis  lavage  it  is  most  convenient  to  pass  the  tube  through  the 
nose.    Should  tliis  means  fail  to  give  relief  a  hypodermic  of  morphine 
)   sulphate,  grain  -g-,  and  atropine  sulphate,  grain  y^^j         be  given  and 
I    repeated  in  an  hour  if  necessary.    The  general  object  of  sedatives 
under  all  circumstances  is  to  prevent  unnecessary  physical  exertion 
j    on  the  part  of  the  patient. 

Feeding  and  Diet. — Ordinarily  the  patient  may  be  allowed  to  go 
without  food  for  forty-eight  hours.  At  the  end  of  this  time  fluid  nour- 
ishment may  be  given  by  mouth  if  the  patient  is  able  to  swallow,  but 
if  a  marked  degree  of  dysphagia  is  present  rectal  feeding  should  be 
resorted  to.  It  is  essential  in  all  cases  to  make  certain  that  the  patient 
can  swallow  and  always  to  begin  mouth  feeding  through  a  long-tubed 
dropper,  and  later  by  a  spoon  introduced  well  into  the  mouth.  In 
this  way  the  dangers  of  aspiration-pneumonia  and  coughing  spasms 
may  be  avoided. 

The  diet  for  the  first  week  should  be  purin-free,  consisting  of  milk 
and  gruels.  Tea,  coft'ee,  cocoa,  and  all  malt  liquors  must  be  interdicted. 
Sugar  and  eggs  may  be  added  to  the  milk  and  gruels. 

Six  to  eight  ounces  should  be  given  at  each  feeding,  at  intervals  of 
three  to  three  and  a  half  hours.  Particular  care  should  be  taken  that 
the  feeding  is  slow  and  under  no  circumstances  given  out  of  an  ordinary 
glass  or  cup  during  the  first  day  or  two.  Always  feed  by  spoon  or 
dropper  until  the  patient  is  able  to  swallow  with  some  degree  of  ease. 

Wliile  the  patient  remains  in  bed  his  diet  should  be  low  in  purins. 
All  meats  (fish,  fowl,  game)  except  sole  and  codfish  must  be  excluded. 
This  also  applies  to  peas,  beans,  asparagus,  and  onions.    For  the  sake 
of  variety,  selection  may  be  made  from  potatoes,  turnips,  carrots, 
rhubarb,  spinach,  milk,  eggs,  cheese,  butter,  sugar,  white  bread,  rice, 
tapioca,  cauliflower,  lettuce,  and  macaroni.    Some  of  the  various 
artificial  animal  or  vegetable  protein  foods  may  also  be  used. 
In  cases  of  glycosuria  all  carbohydrates  must  be  withheld. 
Artificially  soured  milk  is  often  beneficial  if  an  indicanuria  is  present. 
Cases  giving  evidence  of  a  chronic  parenchymatous  nephritis  do  well 
on  Widal's  salt-free  diet. 

If  the  patient  is  unable  to  swallow  it  will  be  necessary  to  feed  by 
rectum  after  forty-eight  hours.  It  should  be  remembered  that  500 
calories  per  day  is  about  the  limit  of  absorption  from  this  mode  of  feed- 
ing. jNIilk  is  commonly  the  basis  of  enemas,  and  the  foUowing  are 
useful  combinations: 

1  f  Peptones,  60  grams. 
1  Milk,  200  c.c. 

r  Eggs,  3  grams. 
2  <  Salt,  3  grams, 
i  Milk,  250  c.c. 
o  /  Graj^e  sugar,  60  grams. 
1  Milk,  250  c.c. 

StarcTi  (unboiled),  60  grams. 
Milk,  270  c.c. 
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In  administering  a  nutrient  enema  the  following  directions  should 
be  observed. 

1.  Quantity  of  each  enema,  9  ounces  (250  c.c). 

2.  The  tube  used  should  be  small  and  of  sott  rubber,  which  must 
be  introduced  at  least  twelve  inches  in  the  rectum. 

3.  The  distance  through  which  the  fluid  is  allowed  to  fall  should 
be  three  feet. 

4.  Three  to  four  enemas  should  be  given  daily. 

5.  One  cleansing  enema  should  be  given  each  day. 

6.  If  the  rectum  is  intolerant  and  refuses  to  retain  the  fluid  a  small 
amount  tincture  of  opium  may  be  added  to  each  enema  and  the  fluid 
should  be  allowed  to  flow  in  slowly. 

Regime  of  the  Sick  Room. — The  sick  room  must  be  kept  as  free  from 
all  disturbing  elements  as  possible.  After  the  patient  has  regained  con- 
sciousness care  must  be  taken  to  avoid  emotional  excitement.  Friends 
and  family  must  be  made  to  understand  that  their  solicitude  should 
not  be  expressed  in  the  sick  room.  The  efforts  of  attention  and  attempts 
to  participate  in  conversation  with  others  than  those  in  immediate 
attendance  are  always  a  serious  tax  on  the  patient.  During  the  first 
week  it  is  not  advisable  for  more  than  one  member  of  the  family  to 
be  in  the  sick  room  at  a  time.  The  nurse  in  charge  should  be  instructed 
to  enforce  this  regulation.  The  temperature  of  the  room  should  be 
kept  as  nearly  fixed  as  possible  and  free  ventilation  provided.  In 
winter  the  patient  must  not  be  exposed  to  draughts  or  sudden  changes 
of  temperature  so  frequently  produced  by  opening  the  windows  wide 
in  order  to  air  the  room.  This  will  not  be  necessary  if  the  temperature 
and  ventilation  are  made  matters  of  routine  care.  In  summer,  when 
the  heat  is  excessive  a  small  electric  fan  wdll  contribute  greatly  to  the 
comfort  of  the  patient  and  lessen  the  dangers  of  heat  prostration  so 
commonly  seen  in  these  cases. 

The  Bed. — If  a  choice  is  possible,  the  bed  should  be  a  single  one. 
The  mattress  and  bedding  must  be  arranged  to  prevent  sagging  in  the 
middle,  and  so  form  a  deep  depression  into  which  the  patient  sinks. 
This  may  be  in  part  obviated  by  a  board  placed  between  the  springs 
and  the  mattress  at  about  the  middle  of  the  bed.  In  protracted  cases, 
and  particularly  for  aged  people,  a  special  type  of  invalid  bed  is  con- 
venient and  reduces  the  difficulties  of  handling  the  patient.  A  very 
satisfactory  device  of  this  kind  is  the  Wallace  Invalid  Bed.  This 
provides  several  desirable  changes  in  the  bed  surface  and  is  easy  to 
manage. 

Care  of  the  Gastro-intestinal  Tract. — The  bowels  should  be  kept  freely 
open  by  the  use  of  appropriate  cathartics.  One  evacuation  is  necessary 
every  day.  Two  or  even  three  movements  are  needed  if  this  has  been 
the  patient's  habit  before  he  was  stricken.  In  case  of  diarrhea  or  too 
frequent  evacuation  bismuth  may  be  employed.  A  useful  combination 
for  this  disorder  is  the  following. 


— Tannogen 
Heroin 


gr.  V 
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This  preparation  may  be  repeated  every  liour  for  four  doses.  If  medi- 
cation by  mouth  is  impossible,  the  enema  used  to  cleanse  the  bowel 
prior  to  feeding  will  usually  suffice  for  emunctory  purposes. 

The  mouth  and  teeth  should  be  kept  clean.  Some  mildly  acid  mouth- 
wash is  especially  useful.  In  some  cases  excessive  salivary  secretion 
becomes  a  menace  to  the  patient.  This  is  especially  true  in  cases  of 
deep  coma.  Under  these  circumstances  it  will  be  necessary  to  swab 
the  mouth  out  continually.  Small  doses  of  atropine  or  tincture  of 
belladonna  will  inhibit  the  salivary  secretion. 

In  order  to  prevent  hypostatic  pneumonia  the  patient  may  be  rolled 
over  on  the  sound  side  three  or  four  times  a  day.  This  should  not  be 
attempted,  however,  before  the  second  or  third  day. 

Care  of  the  Skin. — Especial  attention  must  be  given  to  the  skin. 
Some  cases  develop  bed-sores  with  remarkable  rapidity.  The  first 
requisite  is  to  keep  the  skin  dry  and  well  powdered,  particularly  about 
the  buttocks.  Pads  of  absorbent  cotton  may  be  applied  to  the  external 
genital  organs  and  changed  as  soon  as  wet  or  soiled.  The  treatment 
of  a  bed-sore  when  such  has  once  developed  will  often  be  a  matter 
of  great  difficulty.  Antiseptic  dusting  powders  seem  to  be  more  bene- 
ficial than  ointments.  Efforts  should  also  be  made  to  relieve  the  area 
involved  of  the  superincumbent  weight  of  the  body.  This  may  be 
accomphshed  by  the  use  of  air  cushions  or  rings  well  padded.  In 
extreme  cases  it  may  be  necessary  to  place  the  patient  on  a  water- 
bed.  The  patient  should  remain  in  bed  for  at  least  three  wrecks  and 
longer  if  the  resulting  paralysis  is  profound  and  the  blood  pressure 
remains  high. 

Care  of  the  Paralyzed  Limbs. — It  is  advisable  to  apply  a  light  wire 
anterior  splint  to  the  paralyzed  arm  while  it  is  still  flaccid.  In  this 
way  the  tendency  to  contraction  when  the  spasticity  begins  will  be, 
to  some  extent,  prevented.  If  these  splints  are  used  they  should  be 
removed  at  least  once  in  twenty-four  hours,  the  limb  freshly  powdered 
and  wrapped  in  cotton  before  reapplying  the  splint.  The  further 
care  of  the  paralyzed  limbs  is  given  more  in  detail  in  the  following 
pages. 

In  recent  times  some  operative  procedures  have  been  suggested  for 
the  relief  of  cerebral  hemorrhage.  Among  these  are  trephining,  brain 
puncture,  decompression  for  drainage,  compression  or  ligation  of  the 
internal  carotid  arteries.  These  operations  have  not  met  with  general 
approval.  On  the  other  hand,  nephritic  patients  suffering  from  cerebral 
hemorrhage  with  stupor  and  convulsions  do  well  as  a  result  of  lumbar 
puncture  and  the  withdrawal  of  from  25  to  50  c.c.  of  cerebrospinal 
fluid.  Nephritic  patients  also  improve  remarkably  as  a  result  of  phle- 
botomy. The  presence  of  nephritis  adds  a  complication  to  the  cerebral 
lesion,  which  demands  special  treatment  of  its  own. 

Treatment  of  the  Period  of  Paralysis. — The  treatment  of  this  period 
should  have  three  main  objects:  (1)  The  reconstruction  of  the  impaired 
motor  functions  as  much  as  this  may  be,  or  the  substitution  of  other 
muscular  acts  for  those  impaired  or  lost;  (2)  the  combating  of  certain 
VOL  11 — 29 
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sequehe  and  complications;  and  (.'])  tlic  prcx  cntion  of  u  recurrence  of 
the  apoplectic  insult. 

The  real  efforts  toward  exercisinjjj  the  paralyzed  limbs  or  ])reventiiig 
deformities  cannot  proceed  far  until  the  patient  has  been  gotten  out 
of  bed.  The  matter  of  getting  the  patient  up  deserves  considerable 
attention.  With  elderly  and  feeble  people  the  process  of  getting  uj) 
should  be  more  gradual  than  in  the  case  of  those  who  are  robust  and 
naturally  vigorous.  During  the  second  week,  if  there  are  no  indi- 
cations to  the  contrary,  the  patient  should  be  put  in  a  nearly  sitting 
posture  for  two  or  three  hours  at  a  time.  Care  should  be  taken  that 
the  legs  are  not  allowed  to  remain  extended,  but  are  brought  into 
flexion  and  supported  in  this  position  by  a  pillow  or  cushion.  Once 
accustomed  to  this  position  the  patient  should  next  be  allowed  to  sit 
on  the  edge  of  the  bed  in  such  a  manner  that  the  feet  rest  on  the 
floor.  In  this  position  he  may  take  his  meals.  The  ordinary  method  of 
"sitting  a  patient  up  in  bed"  must  be  avoided.  Nothing  can  be  more 
uncomfortable  than  this  posture,  for  the  full  extension  of  the  legs  on  the 
thigh  not  only  causes  an  unnatural  position  of  body,  but  by  producing 
an  unusual  strain  on  the  muscles  will  prove  fatiguing.  If  the  patient  is 
to  sit  up  at  all,  let  him  do  so  in  a  natural  position.  Generally  by  the 
end  of  the  third  or  fourth  week  a  wheel  chair  should  be  used  and  the 
patient  may  be  allowed  to  sit  up  the  greater  part  of  the  day. 

Arthritis  of  Shoulder-joint.- — Prominent  among  the  complications  of 
hemiplegia  is  arthritis  of  the  shoulder-joint,  resulting  from  the  abnormal 
position  and  articular  pressure  of  the  paralyzed  arm.  This  same  affec- 
tion may  occur  in  the  wrist,  elbow,  ankle,  and  hip.  To  avoid  this 
condition  passive  movements  should  be  commenced  at  the  end  of  the 
second  week;  they  should  not  be  continued  longer  than  two  or  three 
minutes  at  each  sitting.  The  time  given  to  these  movements  as  well 
as  their  extent  should  be  increased  from  week  to  week.  JNIassage, 
especially  of  the  muscle  groups  about  the  joint  in  question,  must  be 
given  in  conjunction  with  passive  movements.  Even  when  a  mild 
degree  of  arthritis  is  present  much  can  be  done  to  correct  the  condition 
by  the  means  just  mentioned.  If  the  arthritis  remains  untreated, 
ankylosis  often  results  and  the  trouble  then  requires  more  aciive 
measures.  Under  these  circumstances  Lewandowsky  has  found  the 
injection  of  fibrolysin  to  be  of  much  help  in  combination  with  massage 
and  passive  movements. 

Contractures. — Contractures  are  another  source  of  difficulty  com- 
plicating the  period  of  paralysis.  They  usually  affect  the  large  flexor 
groups  of  the  extremities  and  also  the  adductors.  It  is,  no  doubt,  the 
disparity  in  strength  between  the  flexors  and  extensors  that  deter- 
mines the  contractural  positions  as  a  result  of  the  hypertonic  condition 
of  the  muscles.  Much  may  be  accomplisluMl  in  the  prevention  of  sucli 
occurrences  by  early  fixation  with  liglit  sjilints  which  are  so  arranged 
as  to  oppose  the  muscle  groups  causing  a  contracture.  The  greatest 
difficulty  will  be  experienced  in  correcting  and  preventing  the  flexures 
of  the  fingers.    A  light  anterior  splint  should  be  employed  which  will 
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extend  beyond  the  ends  of  the  distal  pliahmges  and  well  up  to  the  middle 
of  the  arm.  If  the  hypertonus  becomes  marked  it  will  be  necessary 
to  supplement  this  fixation  by  a  shorter  dorsal  splint.  The  leg  should 
also  receive  attention,  for  it  is  the  neglect  of  these  points  in  the  early 
stages  of  the  paralysis  that  often  leatls  to  unnecessarily  severe  defects 
in  gait  and  motion  generally.  While  the  patient  is  still  confined  to 
the  bed,  the  weight  of  the  bed-clothing  should  be  kept  off  of  the  foot 
by  means  of  any  of  the  arched  frames;  the  foot  should  be  so  supported 
or  strapped  as  to  prevent  the  usual  tendency  toward  plantar  flexion 
and  external  rotation.  In  the  event  that  the  increasing  spasticity 
causes  the  leg  to  be  flexed  at  the  knee  it  is  expedient  to  apply  light 
traction  to  produce  extension  or  even  to  immobilize  the  knee  with  the 
leg  extended  by  a  light  plaster  of  Paris  cast.  There  can  be  little  doubt 
that  the  more  serious  disturbances  in  the  gait  and  contractures  of  the 
arm,  such  as  one  sees  in  the  large  public  hospitals,  have  been  favored 
bv  the  lack  of  attention  of  these  details  in  the  earlv  treatment. 

Tenotomy. — Tenotomy  has  been  advised  to  relieve  the  deformities 
produced  by  the  contractures.  This  has  its  distinct  indications  in 
certain  cases,  especially  when  the  spasticity  cannot  be  overcome  by 
any  of  the  other  means.  It  is  particularly  useful  in  the  treatment  of 
Soleus-gastrocnemius  contractures,  but  it  is  questionable  whether  the 
advantage  to  be  gained  in  treating  contractures  of  the  fingers  is  suffi- 
cient to  warrant  the  operation.  All  of  these  procedures  must  be  carried 
on  with  the  utmost  care,  for  it  is  an  easy  matter  to  occasion  a  decubitus 
by  splints,  casts  and  the  like  in  tissues  which  are  so  nearly  defenceless 
as  the  paralyzed  extremities. 

Section  of  Dorsal  Spinal  Roots.— Section  of  the  dorsal  roots  of  the 
spinal  nerves  has  been  advocated  as  a  means  of  combating  contracture 
or  the  tendency  toward  it.  It  is,  however,  a  nice  question  to  decide 
whether  the  contracture  is  due  to  hypertonus  of  the  muscle  or  actual 
shortening  in  the  muscle  substance.  If  the  former  can  be  proved  to  be 
the  case  dorsal  root  section  may  be  considered,  but  not,  however,  until 
other  less  radical  means  have  failed  to  meet  the  conditions. 

Painful  Cramps. — Cramps  of  a  painful  and  distressing  character 
often  appear  as  a  complication  in  the  disease.  This  is  especially  true 
in  cases  of  pseudobulbar  i)alsy  in  which  the  apoplectic  attacks  follow 
each  other  rapidly,  involving  one  side  of  the  body  and  then  the  other. 
Such  cases  do  best  without  massage  and  electric  treatment.  The  relief 
of  the  pain  is  usually  well  accomplished  by  codeine  and  acetanilide 
in  combination,  but  it  may  be  necessary  to  resort  to  morphine.  For 
the  actual  improvement  of  this  condition  the  method  which  has  proved 
most  uniformly  successful  is  extension  by  means  of  weights,  beginning 
with  light  tractif))!  for  a  short  time  and  gradually  increasing  to  longer 
periods  and  heavier  weights. 

Electricity. — Electricity,  in  several  respects,  may  prove  a  valuable 
accessory  to  the  treatment.  The  galvanic  current  is  indicated  in  those 
relatively  rare  cases  of  hemiplegic  pain.  In  applying  the  current  for 
this  purpose  the  anode  should  be  used  over  the  painful  areas.   In  some 
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cases  a  marked  atrophy  of  the  arm,  and  less  frequently  of  the  leg,  occurs; 
here  the  galvanic  or  the  galvano-faradic  currents  are  useful.  The  best 
current  modification  in  these  cases  is  the  sinusoidji !  movement.  Patients 
can  in  this  way  tolerate  a  greater  number  of  milliamperes  than  they 
will  without  this  modification.  The  galvanic  sinusoidal  current  will 
prove  helpful  as  an  aid  to  certain  exercises  to  be  described  later.  Some 
authorities  recommend  the  high  tension  current  for  the  reduction  of 
blood  pressure.  The  value  of  electricity  in  any  form  must  not  be  lost 
sight  of.  In  nearly  all  instances  it  has  an  excellent  psychic  effect  and 
furnishes  a  motive  which  is  helpful  in  the  management  of  the  case. 
In  using  electricity  its  limitations  should  be  recognized.  It  should 
only  be  recommended  as  an  auxiliary  to  the  treatment.  It  can  have 
no  direct  or  curative  effect  upon  the  paralysis  of  a  cerebral  hemiplegia. 
The  most  generally  useful  currents  are  the  galvano-faradic,  sinusoidal 
current,  and  the  faradic  with  a  relatively  high  rate  of  interruption. 

Active  Movements. — At  the  end  of  three  or  four  weeks  the  patient 
should  be  advised  to  begin  sustained  active  movements.  If  there  are 
no  indications  to  the  contrary  he  may  be  kept  up  in  a  chair  the  greater 
part  of  the  day  and  frequent  attempts  should  be  made  at  walking. 
Every  movement  that  remains  or  has  returned  to  the  arm  and  leg 
should  be  repeated  many  times  to  the  end  that  each  action  will  gain 
steadily  in  execution.  Each  returning  movement  should  be  added 
to  the  repertoire  of  acts  to  be  practised.  When  the  patient  is  at  length 
able  to  walk  with  some  degree  of  certainty  mild  gymnastic  exercises 
are  of  value.  If  the  motor  functions  iuA'olved  in  speech  have  been 
disturbed  with  a  resulting  asphasia,  the  attempt  should  be  made  to 
reeducate  the  patient  in  spoken  language  and  while  doing  so  insist 
on  the  use  of  the  left  hand  in  writing.  If  the  patient  is  naturally  left- 
handed  he  should  then  be  instructed  to  use  his  right  hand  in  writing. 
The  amount  of  restored  motor  function  which  may  be  expected  of 
these  means  will  be  proportional  to  the  size  and  location  of  the  hemor- 
rhages. In  some  cases  of  slight  bleeding  encroaching  but  little  upon 
the  posterior  limb  of  the  internal  capsule  the  improvement  is  remark- 
able, amounting  almost  to  complete  recovery.  In  the  severe  cases 
only  slight  gain  will  be  made,  irrespective  of  the  methods  of  treatment 
employed. 

Prevention  of  Recurrence  of  Attack. — The  third  object  of  the  treat- 
ment during  the  period  of  paralysis  is  the  prevention  of  a  recurrence 
of  the  apoplectic  attack.  With  the  intelligent  cooperation  of  the 
patient  this  will  meet  with  a  fair  measure  of  success.  How  much  may 
be  expected  or  promised  in  this  regard  must  depend  entirely  upon  the 
nature  of  the  case  and  the  degree  of  involvement.  The  blood  pressure 
during  this  period  is,  almost  without  exception,  high,  and  is,  for  this 
reason,  a  constant  menace.  Therapeutic  means  of  combating  this 
condition  have  not  proved  satisfactory.  The  use  of  the  usual  cardio- 
vascular depressants  has  the  double  disadvantage  of  disturbing  the 
digestion  and  producing  only  transitory  depression  of  the  blood  pressure. 
Some  writers  are  strongly  inclined  to  consider  the  high  blood  pressure 
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observed  in  the  period  of  insult  as  well  as  in  the  period  of  paralysis  the 
result  of  direct  pressure  effects  upon  the  brain  tissue.  This  view  seems 
untenable  in  the  light  of  the  fact  that  the  blood  pressure  is  nearly  always 
high  in  the  period  of  preparation,  before  any  direct  pressure  from 
hemorrhage  has  occurred.  It  is  far  more  likely  that  the  high  arterial 
tension  is  fundamentally  due  to  general  systemic  changes  in  the  blood- 
vessels. The  treatment  for  preventing  the  repetition  of  the  cerebral 
hemorrhage  differs  little  from  that  advised  for  the  prevention  of  the 
initial  apoplexy. 

The  gastro-intestinal  tract  should  receive  particular  attention.  The 
bowels  should  be  kept  active  and  the  tendency  to  constipation  met 
by  cathartics.  Drastic  cathartics  should  be  avoided.  The  drugs  and 
dosage  employed  milst  be  so  selected  for  the  individual  case  as  not  to 
produce  too  active  purgation  or  hydragogue  catharsis.  Enemas  and 
colonic  irrigation  will  prove  the  safest  and  most  efficient  means  of 
dealing  with  obstinate  constipation.  The  use  of  colonic  irrigation 
should  be  controlled  by  observation  as  to  the  blood  pressure.  In  some 
cases  the  pressure  will  rise  perceptibly  during  the  irrigation  and 
remain  elevated  for  a  considerable  time.  Under  such  circumstances 
colonic  irrigation  is  contraindicated.  Evidence  of  gastro-intestinal 
toxemias  should  be  watched  for.  Gastric  indigestion  with  the  pro- 
duction of  flatus  must  be  corrected  by  the  closer  regulation  of  the  diet 
and  the  use  of  appropriate  carminatives. 

The  subject  of  the  diet  is  here  as  everywhere  a  question  of  exceptions 
rather  than  the  rule.  The  necessitiigs  of  each  individual  case  must  be 
studied  and  a  diet  selected  which  shall  have  the  merits  of  causing  little 
or  no  gastric  disturbances  and  no  enteric  toxemia  so  far  as  may  be 
determined  by  the  analysis  of  the  stool  and  urine.  This  regulation 
may  require,  in  some  instances,  a  partially  predigested  diet.  The 
urinalysis  wall  indicate  to  what  degree  the  proteins  or  carbohydrates 
must  be  restricted.  Not  a  few  cases  present  a  marked  glycosuria  for 
some  time  after  the  insult  and  should  be  treated  accordingly.  The 
presence  of  large  amounts  of  indican  in  the  urine  is  often  not  as 
significant  of  indolemia  as  the  appearance  of  this  substance  in  small 
amounts.  It  is  not  necessary  to  wait  for  indican  to  appear  in  large 
quantities  before  taking  steps  to  prevent  indolemia.  Catharsis,  irri- 
gation if  applicable  to  the  given  case,  restriction  of  protein  foods  and 
a  gradual  increase  of  exercise  where  possible  will  prove  valuable  to  this 
end.  The  addition  of  some  of  the  artificially  soured  milks  to  the  diet 
is  also  advisable  under  these  conditions. 

General  Hygiene.— In  the  readjustment  of  the  patient's  habits  fol- 
lowing the  apoplectic  attack,  many  questions  concerning  the  general 
matters  of  hygiene  will  arise.  The  amount  of  exercise  which  should 
be  permitted  will  depend  in  great  measure  upon  the  degree  of  the 
paralysis.  It  cannot  be  considered  a  good  practice  to  forbid  all  exercise, 
but  such  activity  as  is  recommended  should  be  so  directed  that  the 
patient  is  allowed  by  slow  stages  to  carry  on  sustained  muscular  acts. 
Wherever  circumstances  will  permit  the  exercise  should  be  taken  out 
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of  doors.  This  may  not  he  possihle  for  several  months  after  the  seizure. 
The  patient  shoukl  not  he  allowed  to  climh  stairs  more  thaii  ])ossihle 
and  should  be  instructed  to  rest  frequently  in  doing  so.  As  time  j^oes 
on  the  outdoor  exercise  may  be  increased  to  fairly  long  walks.  Emo- 
tional disturbances,  anxiety,  and  other  annoyance  should  be  avoided. 
It  is  well  to  impress  upon  the  patient  that  to  make  the  most  of  the 
functions  which  remain  to  him  he  must  limit  his  activities  in  every 
way  possible.  The  stress  of  business,  the  responsibilities  of  official 
positions,  the  active  participation  in  family  afi'airs  cannot  fail  to  prove 
harmful  and  perhaps  disastrous.  If  the  circumstances  permit  the 
case  should  be  fairly  stated  to  the  patient  and  the  possibilities  botii 
of  his  condition  and  of  the  treatment  should  be  outlined.  The  emo- 
tional state,  amounting  oftentimes  to  moral  panic,  which  follows  the 
patient's  realization  of  the  nature  of  his  disease,  must  be  combated 
by  all  in  attendance,  nor  must  despondency  over  an  apparently  hope- 
less position  be  allowed  to  become  the  controlling  influence.  All  of 
these  details  are  matters  intimately  involved  in  the  personal  equa- 
tion, and  yet  the  neglect  of  any  of  them  will  seriously  interfere  with 
the  success  which  may  be  hoped  for  from  the  treatment. 

Baths  and  cures  of  various  kinds  have  been  recommended  as  bene- 
ficial during  this  period;  but  like  all  other  therapeutic  agents  for  this 
purpose  these  means  do  not  yield  uniformly  good  results.  Some  patients, 
especially  of  the  nephritic  class,  do  well  under  this  kind  of  treatment, 
but  it  must  be  borne  in  mind  that  any  therapeutic  measure  which 
causes  a  temporary  or  permanent  elevation  of  blood  pressure  is  distinctly 
contraindicated. 

Exercises  for  the  Reeducation  of  the  Paralyzed  Limbs. — This  feature 
in  the  treatment  of  the  paralysis  is  too  frequently  slighted.  In  con- 
sequence many  severe  deformities  are  permitted  to  develop  which 
almost  completely  incapacitate  the  patient.  On  the  other  hand,  the 
proper  application  of  the  principles  of  exercise  requires  more  nearly 
ideal  conditions  than  usually  obtain.  The  physician  must  not  only 
understand  the  anatomical  defects  with  which  he  is  dealing  but  he  must 
know  exactly  to  what  end  he  is  directing  the  exercises  to  be  employed. 
He  must  further  be  assured  that  those  in  attendance  upon  the  patient 
are  capable  of  carrying  out  the  directions  given  and  are  faithful  in 
doing  so.  Indefinitely  prescribed  exercises  are  of  little  avail  and  are 
soon  discontinued.  If  any  good  is  to  be  obtained  from  physical  exer- 
cise it  will  only  be  the  result  of  persistent  effort  and  constant  encour- 
agement. 

The  first  requisite  in  instituting  this  line  of  treatment  is  to  enlist 
the  interest  of  the  patient  and  so  secure  his  cooperation.  The  idea 
that  effort  may  successfully  be  made  to  restore,  in  some  degree,  the 
lost  functions  will  serve  to  arouse  his  enthusiasm  and  inspire  his  con- 
fidence. Too  frequently  these  invalids  are  overwhelmed  by  the  sense 
of  their  own  catastrophe  and  are  allowed  to  sink  into  a  state  of  apathy 
and  dejection.  There  should  be  a  distinct  understanding  between 
physician  and  patient  as  to  just  what  benefits  may  reasonably  be 
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expected  from  the  treatment,  as  well  as  to  the  slow  nature  of  the 
improvement  and  the  necessity  of  s^'stematic,  unremitting  endeavor. 

The  types  of  movements  wiiich  may  be  employed  for  physical  exercise 
are  six  in  number,  i.  e. 

1.  Passive  movements. 

2.  Movements  against  which  the  patient  makes  resistance. 

3.  \'oluntary  movements  in  which  the  patient  is  assisted  by  an 
attendant. 

4.  \"oluntarv  movements  assisted  bv  electricity. 

5.  Voluntary  movements  which  the  patient  supplements  by  some 
mechanical  appliance. 

(3.  Unassisted  voluntary  movements. 

Passive  movements  should  be  commenced  as  soon  as  the  patient 
regains  consciousness.  They  should  then  be  very  limited  in  extent 
and  of  short  duration.  The  muscles  at  this  time  are  still  flaccid  so  that 
there  will  be  but  little  hypertonic  resistance  to  work  against.  Special 
attention  should  now  be  given  to  the  hand  and  fingers,  foot  and  toes. 
The  precaution  of  splinting  having  already  been  taken,  the  fingers  and 
hand  should  be  forcibly  extended  each  time  the  splint  is  removed.  This 
should  be  repeated  five  or  ten  times  on  each  of  these  occasions.  The 
toes  and  foot  should  receive  similar  attention.  At  the  end  of  the  first 
week  the  forearm  and  leg  should  be  included  in  these  passive  move- 
ments, provided  the  patient's  condition  in  other  particulars  does  not 
contraindicate  these  manipulations.  By  the  end  of  the  second  week 
the  patient  may  be  instructed  to  resist  the  passive  movements,  and 
even  though  no  actual  resistance  is  possible  the  attention  should  be 
directed  and  held  to  this  purpose. 

The  supervision  of  the  active,  voluntary  movements  should  be 
guided  by  the  character  and  extent  of  the  muscular  disability  generally 
observed  in  hemiplegics.  Not  all  of  the  muscle  groups  in  the  leg  and 
arm  are  involved  to  the  same  degree.  It  is  a  rule,  with  but  few  excep- 
tions, that  the  axio-appendicular  musculature  suffers  less  than  the 
appendicular  muscles  proper;  not  only  are  the  muscles  arising  in  the 
trunk  and  passing  to  the  extremities  less  aflPected  by  the  paralysis  than 
the  intrinsic  muscles  of  the  leg  and  arm,  but  the  former  give  the  first 
evidence  of  returning  function.  It  may  naturally  be  expected  that 
voluntary  movements  will  first  return  to  some  degree  in  the  shoulder 
girdle  and  will  be  last  to  make  their  appearance  in  the  intrinsic  muscles 
of  the  hand.  The  same  statement  applies  to  the  lower  extremity,  where 
movements  at  the  hip-joint  are  first  to  return  while  those  in  the  foot 
are  late  in  reappearing  if  thev  do  so  at  all. 

As  soon  as  any  voluntary  movements  are  observed  in  the  muscles 
of  the  shoulder  girdle  their  character  should  be  noted  and  the  patient 
instructed  to  repeat  them  frequently.  All  instructions  concerning 
exercise  should  be  made  as  specific  as  possible.  A  routine  schedule 
will  prove  most  efficient  in  attaining  this  end.  Such  a  schedule  should 
indicate  the  muscles  to  he  exercised,  the  character  of  the  exercise,  the 
number  of  times  the  particular  movements  are  to  be  performed  at  each 
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session  as  well  as  the  number  of  sessions  during  the  day.  It  is  futile 
to  begin  a  course  of  exercises  unless  some  such  systematic  method  is 
adopted. 

The  following  exercises  have  been  arranged  wich  special  reference  to 
the  muscle  groups  of  the  arm  and  leg.  All  of  them  may  not  be  necessary 
in  any  given  case.  With  the  precise  determination  of  the  defective 
muscle  groups  it  will  be  possible  to  select  from  this  list  the  exercises 
demanded  by  a  particular  individual. 

Group  I. — Axio-appendicular  Musculature  of  the  Shoulder 
Girdle.— ferme  1.— For  the  trapezius  muscle,  producing  elevation 
of  the  shoulder.  Disability  of  this  muscle  is  observed  in  the  drooping 
shoulder  with  loss  of  elevating  power. 

With  the  head  immobilized,  elevate  the  shoulder  as  in  shrugging. 
The  movement  should  be  performed  on  both  sides,  since  the  associated 
movement  of  the  unaffected  muscle  assists  materially  in  the  correct 
performance  of  the  act  on  the  paralyzed  side.  This  procedure  should 
be  followed  in  all  exercises  until  the  defective  movements  show  im- 
provement. Associated  exercises  may  then  be  discontinued.  The 
elevation  of  the  shoulder  should  be  practised  three  times  a  day  and 
repeated  ten  to  twelve  times  at  each  session.  This  number  may  be 
increased  as  time  goes  on.  It  is  well  to  begin  all  of  the  exercises  for 
the  shoulder  muscles  at  the  end  of  the  second  week,  while  the  patient 
is  still  in  bed. 

Exercise  2. — For  the  pectoralis  major  muscle,  producing  ventral 
adduction  of  the  humerus.  Disability  of  this  muscle  is  evidenced  by 
the  abducted  position  of  the  humerus  from  the  body  and  the  loss  of 
the  power  of  ventral  adduction. 

With  the  forearm  flexed  at  right  angles  to  the  humerus  the  latter 
should  be  drawn  inward  across  the  chest.  If  the  antagonist  groups  are 
paralyzed  the  arm  may  be  passively  abducted  by  the  attendant  and 
adduction  in  this  way  repeated  the  required  number  of  times. 

All  of  the  movements  for  the  muscles  of  the  shoulder-joint  are  best 
performed  with  the  patient  resting  upon  the  unparalyzed  side. 

Exercise  3. — For  the  latissimus  dorsi  muscle,  producing  dorsal  ad- 
duction of  the  humerus.  Disability  of  this  muscle  is  evidenced  by  the 
abducted  position  of  the  arm  and  the  loss  of  power  in  dorsal  adduction. 

With  the  forearm  flexed  at  right  angles  to  the  humerus  the  latter 
should  be  drawn  inward  across  the  back.  If  the  antagonist  groups 
are  paralyzed  the  attendant  may  passively  abduct  the  arm  and  thus 
permit  of  repeated  adductions. 

Exercise  4. — For  the  deltoid  muscle  producing  abduction  of  the 
humerus  accompanied  by  elevation  to  right  angles  with  the  body. 
Disability  of  this  muscle  is  evidenced  by  a  flattening  of  the  shoulder 
and  loss  of  power  to  abduct  the  humerus. 

With  the  forearm  flexed  abduct  the  humerus  from  the  body.  In  the 
absence  of  adductor  power  the  arm  will  naturally  gravitate  to  the  side. 

Exercise  5. — For  the  deltoid,  latissimus  dorsi,  and  pectoralis  major 
muscles. 
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Abduct  and  adduct  the  humerus  from  the  body  in  several  of  the 
possible  arcs  through  which  abduction  normal  takes  place,  i.  e.,  in  the 
ventral  arcs  or  the  dorsal  arcs. 

Exercise  6. — For  the  subscapularis,  teres  minor,  and  infraspinatus 
muscles,  producing  external  and  internal  rotation  of  the  humerus. 
Disability  of  these  muscles  is  evidenced  by  the  loss  of  rotatory  power. 

With  the  forearm  extended  rotate  the  humerus  internally  until  the 
dorsum  of  the  hantl  comes  in  contact  with  the  thigh.  Then  reverse 
the  direction  and  rotate  the  arm  externally  until  the  dorsum  of  the 
hand  comes  to  lie  upon  the  bed.  When  possible  this  exercise  should 
be  done  against  a  slight  amount  of  resistance  offered  by  the  attendant. 

Exercise  7.— For  the  rhomboidei  muscles,  producing  adduction  of 
the  scapulne.  Disability  of  these  muscles  is  evidenced  by  a  winging 
of  the  shoulder-blades  and  the  loss  of  powder  to  draw  them  together. 

With  the  patient  still  resting  on  the  unparalyzed  side  the  scapulae 
are  alternately  adducted  and  abducted. 

Exercise  8. — For  the  combined  action  of  the  axio-appendicular 
muscles. 

With  the  patient  in  the  supine  position  the  individual  single  muscular 
acts  already  practised  may  now  be  combined  in  a  series  of  succession 
movements  (diadocliokinesis),  beginning  with  a  contraction  of  the 
trapezius  and  then  followed  in  regular  order  by  the  deltoid,  pectoralis 
major,  deltoid  again,  latissimus  dorsi,  teres  minor,  infraspinatus,  sub- 
scapularis, and  rhomboidei.  This  will  produce  an  elevation  of  the 
shoulder,  abduction  of  the  humerus,  adduction  of  the  humerus  across 
the  chest,  abduction  of  the  humerus,  adduction  again  inward  but 
toward  the  back,  rotation  of  the  arm,  and  finally  adduction  of  the 
scapulae.  This  series  of  diadochokinetic  movements  if  consistently 
practised  will  reestablish  all  of  the  muscular  combination  possible 
about  the  shoulder-joint,  and  will  thus  lay  the  necessary  foundation 
for  the  reintroduction  of  other  impaired  functions  in  the  arm. 

The  means  by  which  these  exercises  may  be  instituted  will  vary  in 
different  cases.  It  is  often  necessary  at  first  for  the  patient  to  initiate 
the  movements  with  the  aid  of  the  attendant  and  accomplish  w-hatever 
little  is  possible  for  him.  In  many  instances  the  patient  may  supple- 
ment the  remnant  of  his  former  muscular  power  using  his  sound  hand 
in  assisting  the  paralyzed  limb.  This  assistance  should,  however,  be 
dispensed  with  as  soon  as  possible  and  the  patient  encouraged  to  per- 
form the  voluntary  acts  alone.  Movements  against  resistance  at  first 
but  gradually  increased  will  serve  to  strengthen  the  muscular  con- 
traction. This  is  easily  done  by  the  attendant  w^ho  gentlv  restrains 
the  arm  as  the  patient  endeavors  to  move  it  into  the  several  positions. 

Fixing  the  attention  upon  the  various  movements  is  of  great  value. 
This  is  best  accomplished  by  requiring  the  patient  to  w^atch  the 
motions  he  is  making  with  the  shoulder  and  arm  and  from  time  to 
time  comparing  them  with  those  of  the  sound  side. 

Group  II. — Muscles  PuonuciNO  Movements  in  the  Forearm. — 
The  muscles  of  this  group  are  usually  more  profoundly  affected  than 
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those  about  tlie  shoiildcr-joint.  It  is  rarely  the  case  that  they  ^rjve 
much  evidence  of  returning  function  until  the  end  of  the  second  or 
third  week.  At  about  the  time  when  the  patient  is  to  be  gotten  out 
of  bed  these  muscles  should  receive  attentioii.  When  the  patient  is 
able  to  sit  in  a  wheel  chair,  the  services  of  another  helpful  de\'ice  may 
be  enlisted.  As  already  stated,  much  is  gained  by  having  the  patient 
concentrate  his  thoughts  upon  the  muscular  acts  he  is  performing. 
He  should  be  instructed  to  observe  closely  all  of  his  movements.  If 
his  chair  is  placed  before  a  mirror  he  will  not  only  be  able  to  give  his 
attention  to  each  exercise  but  he  may  also  compare  the  movements 
of  the  paralyzed  arm  with  those  of  the  unaflfected  limb  which  he  is 
performing  simultaneously.  This  also  serves  as  a  very  valuable 
expedient  in  retaining  and  increasing  the  patient's  interest. 

Exercise  1. — For  the  biceps,  producing  flexion  of  the  forearm. 

With  the  elbows  on  the  arms  of  the  chair  the  forearm  should  be 
flexed  to  the  full  extent  on  the  sound  side  and  as  much  as  possible 
on  the  affected  side. 

Exercise  2. — For  the  triceps  muscles,  producing  extension  of  the 
forearm. 

With  the  forearms  resting  on  a  smooth  topped  table  placed  in  front 
of  the  patient  the  forearms  should  be  extended  as  far  and  forcibly 
as  possible.  They  should  be  held  extended  for  several  seconds  before 
repeating  the  exercise.  This  is  one  of  the  most  important  of  all  the 
movements  of  the  upper  extremity,  for  it  will  be  remembered  that  the 
tendency  of  spastic  hemiplegia  is  the  production  of  rigid  contractures 
along  the  lines  of  greatest  muscular  traction,  which  in  this  case  is  that 
of  flexion.  Therefore  extension  of  the  forearm  should  be  performed 
much  more  frequently  than  flexion  and  particular  attention  should  be 
devoted  to  the  action  of  the  triceps. 

Exercise  3. — ^For  the  pronator  and  supinator  muscles.  With  the 
forearm  resting  on  the  table  the  hand  should  first  be  supinated  and 
then  pronated. 

Exercise  4. — For  the  diadochokinetic  movements  of  the  forearm. 

As  soon  as  may  be  after  the  patient  has  acquired  some  degree  of 
control  over  the  separate  acts  already  indicated  it  will  be  necessary 
to  mould  these  into  various  series  of  succession  movements.  For  this 
purpose  it  is  well  to  adopt  some  definite  serial  act  which  may  later  on 
be  modified  in  numerous  ways.  A  good  serial  combination  to  begin 
with  is  the  following:  (a)  Flexion  of  forearm;  (6)  extension  of  forearm; 
(c)  pronation  of  forearm;  {d)  supination  of  forearm.  When  this  com- 
bination has  been  fairly  mastered,  others,  of  which  the  same  individual 
movements  are  the  basis,  should  be  tried. 

In  carrying  on  these  movements  all  of  the  methods  already  recom- 
mended should  be  employed.  Electricity  may  be  used  as  a  valuable 
accessory  in  this  connection,  especially  in  augmenting  extension  of  the 
forearm.  In  using  this  auxiliary  to  the  treatment  the  interrupted 
galvanic  or  sinusoidal  galvano-faradic  current  may  be  used.  A  small 
electrode  of  sheet  lead  (()  cm.  by  2  cm.)  is  firmly  attached  lengthwise 
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to  the  arm  over  the  belly  of  the  triceps  muscle;  a  large  electrode  (15 
cm.  by  10  cm.)  is  placed  at  the  back  of  the  other  arm.  If  the  galvanic 
iiiterriiptecl  current  is  used  the  smaller  electrode  must  represent  the 
kathodal  pole.  The  current  is  now  passed  through  the  arm  at  a  slow 
rate  of  interruption  and  with  each  contraction  of  the  muscle  the  patient 
is  directed  to  forcibly  extend  the  forearm.  This  purpose  is  even  better 
accomplished  by  the  use  of  the  galvano-faradic  sinusoidal  current, 
since  the  interruptions  are  here  less  sudden  and  more  rhythmical,  thus 
affording  the  patient  greater  opportunity  for  exerting  his  will. 

Group  III. — Muscles  Producing  Movements  at  the  Wrist. — 
The  object  here,  even  more  than  in  the  case  of  the  forearm,  is  to  com- 
bat the  tendency  of  the  flexors  or  overcome  the  extensors  so  that  all 
exercises  should  be  directed  toward  the  development  of  these  muscles. 

Exercise  1.— With  the  flexor  surface  of  the  forearm  resting  upon  the 
table  extend  the  wrist  first  by  the  radial  extensor,  then  by  the  ulnar 
extensor. 

Exercise  2. — With  the  wrist  held  firmly  upon  the  table  b}'  the 
unaffected  hand,  forcibly  extend  the  wrist  by  using  both  sets  of 
extensor  muscles. 

Electricity  may  be  used  with  advantage  to  initiate  or  augment  the 
extensor  movements  of  the  wrist  in  the  manner  already  described. 

Group  IV. — Muscles  Producing  Movements  in  the  Fingers. — 
The  fingers  offer  the  greatest  difficulty  in  the  matter  of  exercise:  (1) 
Because  the  intrinsic  muscles  of  the  hand  as  well  as  the  digital  flexors 
suffer  more  in  the  paralysis  than  any  of  the  other  muscle  groups;  and 
(2)  because  of  the  marked  disparity  between  the  flexor  and  extensors 
under  normal  conditions.  The  prevention  of  flexor  contracture  of 
the  fingers  is  a  troublesome  problem,  while  the  contracture  once  estab- 
lished in  the  fingers  constitutes  the  most  obdurate  deformity  which 
is  met  with  in  hemiplegia.  Not  a  little  may  be  accomplished  by  the 
use  of  the  splints  already  recommended  during  the  period  of  insult. 
If  necessary  they  should  be  employed  beyond  this  time.  All  efforts 
in  the  way  of  exercise  must  be  directed  to  the  several  extensor  groups 
of  the  fingers. 

Exercise  1. — With  the  hand  upon  the  cover  of  a  fairly  thick  book, 
in  such  a  manner  that  the  fingers  project  over  the  edge,  all  of  the  fingers 
should  be  extended  together.  If  the  effort  is  feeble  and  the  result 
unsatisfactory,  assistance  may  be  given  by  the  sound  hand  and  the 
extension  thus  performed  a  number  of  times.  In  this  connection  it 
may  be  stated  that  the  patient  will  aid  much  in  combating  the  tendency 
toward  flexor  contractures  by  grasping  the  paralyzed  fingers  in  his 
sound  hand  and  forcibly  extending.  This  he  should  do  a  number  of 
times  each  day. 

Exercise  2. — With  the  hand  placed  as  in  Exercise  1,  the  patient  should 
extend  each  finger  separately  and  in  succession.  The  use  of  electricity 
will  be  of  much  assistance  in  this  exercise.  A  small  examining  electrode 
is  best  employed  for  this  purpose,  for  by  this  means  each  muscle  bundle 
of  the  extensor  group  may  be  stimulated. 
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Exercise  3. — With  the  hand  in  tlie  position  of  Exercise  1,  tiie  fingers 
should  be  extended  and  spread  apart  by  contraction  of  the  interosseous 
muscles. 

Exercise  4. — With  fingers  so  placed  on  the  table  as  to  allow  the 
thumb  to  extend  over  the  edge,  the  adductor  and  extensor  of  the  thumb 
may  be  exercised  in  the  usual  manner. 

After  a  time  the  patient  will  have  made  sufficient  progress  to  warrant 
the  performance  of  more  highly  synthetized  acts  than  those  indicated 
in  the  exercises.  Sustained  voluntary  processes  of  a  simple  character 
may  be  carried  out  with  some  degree  of  accuracy.  Certain  special 
exercises  for  this  purpose  have  proved  useful.  Among  these  the  first 
to  be  attempted  is  the  management  of  alphabet  or  building  blocks  by 
the  paralyzed  hand.  Later,  marbles  of  several  sizes  may  be  put  in  a 
box  and  the  patient  directed  to  transfer  them  to  some  other  receptacle. 
Turning  the  leaves  of  a  book,  shuffling  and  dealing  cards,  drawing  lines 
with  a  pencil,  using  a  planchet,  and  many  other  simple  acts  serve  well 
to  call  into  action  the  various  muscle  groups  rendered  defective  by 
the  paralysis. 

As  is  the  case  in  the  arm,  the  axio-appendicular  musculature  of  the 
leg  is  least  affected  and  quickest  to  recover  from  such  involvement  as 
it  may  have  sustained.  It  is  a  matter  of  general  experience  that  the 
paralyzed  leg  makes  better  progress  toward  recovery  than  the  arm. 
Exercises  for  the  leg  muscles  should  be  commenced  while  the  patient 
is  still  in  bed.  The  chief  object  during  this  period  is  to  overcome  the 
tendency  toward  external  rotation  of  the  thigh  by  exercising  the 
internal  rotators  particularly  the  gluteus  medius  and  minimus.  Other 
exercises  for  flexing  and  extending  the  leg  on  the  thigh  should  be  used. 

Locomotion. — It  is  not,  however,  until  the  patient  is  out  of  bed 
and  able  to  stand  that  the  real  effectual  work  in  reeducation  of  the 
leg  begins.  At  this  time  the  patient  should  have  set  before  him  in  a 
simple  way  the  essential  mechanics  of  locomotion.  The  following 
points  should  be  made  clear  to  him  so  that  he  may  intelligently  set 
about  the  reconstruction  or  correction  of  defective  components  in.  his 

1.  The  biped  gait  presents  two  distinctly  different  phases. 

(a)  The  phase  of  support  in  which  the  full  weight  of  the  body  is 
sustained  upon  one  leg. 

(6)  The  phase  of  progression  in  which  one  leg  is  swung  forward, 
backward,  or  to  the  side,  as  the  case  may  be,  in  the  process  of  taking  a 
step. 

Each  leg  alternates  with  the  other  in  presenting  these  two  phases. 

2.  The  relations  of  the  legs  to  the  body  and  to  each  other  during 
these  phases.  The  leg  in  the  phase  of  support  is  in  line  with  the  body 
and  is  practically  locked  firmly  to  the  body  at  the  hip-joint  as  well  as 
rendered  rigid  at  the  knee  and  to  a  less  degree  at  the  ankle.  The  leg 
in  the  phase  of  progression  rapidly  changes  its  relations,  for  beginning 
at  an  angle  to  the  body  posteriorly  it  is  swung  through  an  arc  that 
brings  it  to  rest  at  a  similar  angle  anteriorly. 
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The  two  legs  at  the  beginning  of  the  phase  of  progression  form, 
with  the  ground,  a  right-angled  triangle;  the  ground  is  the  base  of  this 
triangle,  the  leg  of  support  is  the  altitude,  and  the  leg  of  ])rogression 
is  the  hypothenuse.  The  length  of  the  hypothenuse  is  greater  than  that 
of  the  altitude  by  reason  of  the  fact  that  there  is  a  greater  amount  of  ex- 
tension in  the  leg  of  progression,  due  principally  to  extension  of  the  foot. 

3.  The  length  of  the  hypothenuse  must  be  reduced  to  less  than  that 
of  the  altitude  in  order  that  the  leg  of  progression  may  be  swung  forward 
or  backward.  This  reduction  in  the  length  of  the  leg  is  accomplished 
by  flexion;  this  flexion,  however,  is  produced  at  the  least  possible 
expense  to  the  individual  muscle  groups  by  the  fact  that  the  shortening 
results  from  a  slight  degree  of  bending  at  several  joints  instead  of  a 
large  amount  in  any  one  joint. 

The  shortening  of  the  leg  takes  place  at  four  chief  points : 

1.  By  tilting  or  flexion  of  the  pelvis. 

2.  By  flexion  of  the  thigh  or  the  pelvis  at  the  hip-joint. 

3.  By  flexion  of  leg  on  the  thigh  at  the  knee-joint. 

4.  By  flexion  of  the  foot  on  the  leg  at  the  ankle-joint. 
Readjustment  of  Gait. — In  the  readjustment  of  his  gait,  there- 
fore, the  hemiplegic  has  two  principal  acts  to  learn,  i.  e.,  locking  of 
his  leg  of  support  in  such  a  relation  to  his  body  that  it  may  properly 
become  the  leg  of  progression  and  finally  the  shortening  of  the  leg  in 
this  latter  phase  in  such  a  way  that  it  may  be  swung  free  of  the  ground 
and  enter  correctly  into  the  phase  of  support. 

As  soon  as  it  is  evident  that  the  patient  has  sufficient  strength  to 
stand  he  should  be  lifted  to  his  feet  and,  supported  either  by  two  attend- 
ants or  by  the  backs  of  two  chairs,  be  directed  to  support  his  weight 
on  his  unparalyzed  leg.  He  should  then  attempt  to  shift  his  weight 
to  the  paralyzed  leg.  Care  must  be  had  in  this  exercise  lest  the  patient's 
strength  has  been  overestimated.  If  it  is  impossible  to  support  all  of 
his  weight  on  the  paralyzed  leg  some  portion  of  it  may  be  borne  and 
gradually  increased  as  the  exercise  is  repeated  from  day  to  day.  It 
is  essential  that  the  position  of  the  paralyzed  leg  while  performing  this 
exercise  shall  be  correct.  The  external  rotation  of  the  thigh  must  be 
overcome,  and  to  prevent  this  occurrence  it  will  prove  advantageous 
if  the  foot  of  the  affected  leg  is  placed  on  the  floor  by  the  attendant  so 
that  the  toe  points  directly  forward.  With  the  patient  in  this  position 
the  following  exercises  may  be  carried  out. 

Exercise  1. — For  the  elevation  of  the  pelvis,  to  aid  in  shortening  the 
leg  of  progression. 

With  the  patient  standing  on  the  sound  leg  and  supported  hy  two 
chairs  the  pelvis  of  the  afi"ected  side  should  be  elevated  and  depressed 
a  given  number  of  times. 

Exercise  2. — For  swinging  the  leg  through  the  arc  necessary  to  pro- 
gression. 

With  patient  in  position  of  Exercise  1 ,  the  leg  is  swung  like  a  pendulum 
backward  and  forward. 

Exercise  3. — For  flexion  of  the  thigh  on  the  pelvis. 
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With  the  patient  in  the  position  of  Exercise  1,  tiie  thigh  is  flexed  to 
the  greatest  degree  i)()ssible. 

Exercise  4. — For  the  internal  rotation  of  the  thigh. 

With  the  patient  in  the  position  of  Exercise  1,  the  entire  leg  is 
rotated  internally  so  that  the  toe  points  inward. 

Exercise  5. — For  extension  and  flexion  of  the  leg  on  the  thigh. 

With  the  patient  in  the  sitting  posture  the  leg  may  be  extended  and 
flexed.  In  this  exercise  assistance  of  the  attendant  will  he  necessary 
at  first.  This  is  also  true  of  Exercise  6. 

Exercise  0. — For  the  flexion  and  extension  of  the  foot  in  the  leg. 
This  is  best  accomplished  with  the  patient  in  the  recumbent  or 
sitting  posture. 

After  the  patient  has  to  some  extent  regained  the  powers  of  loco- 
motion it  becomes  necessary  to  direct  the  particular  elements  in  his 
gait  by  special  means.  As  soon  as  the  patient  is  able  to  support  the 
weight  of  his  body  on  the  paralyzed  leg  he  should  be  instructed  to 
practice  standing  in  this  position  without  the  aid  of  the  sound  leg. 
At  first  this  will  be  diflScult  because  of  the  lack  of  confidence  on  the 
part  of  the  patient,  but  by  constant  repetition,  however,  it  will  be 
possible  for  him  to  stand  several  seconds  at  a  time  on  the  paralyzed 
leg.  This  exercise  is  one  of  the  fundamental  necessities  in  correcting 
the  disturbances  of  the  gait.  The  importance  of  the  element  of  time 
in  the  gait  should  be  impressed  upon  the  patient.  He  should  be  shown 
the  advantage  of  supporting  the  weight  of  the  body  on  the  leg  of  sup- 
port for  the  longest  time  possible,  and  equally  the  disadvantages  of  a 
shortened  period  of  support.  It  is  the  tendency  of  these  patients  to 
reduce  the  phase  of  support  upon  the  affected  side  to  a  minimum  with 
a  consequent  shortening  of  the  phase  of  progression.  If,  on  the  other 
hand,  the  phase  of  support  in  the  paralyzed  leg  is  lengthened  to  the 
maximum  the  unaffected  leg  may  be  swung  through  a  normally  long 
arc  and  the  gait  will  thus  present  a  stride  approaching  the  average 
length  observed  in  healthy  individuals.  This  matter  of  the  length  of 
the  stride  is  an  important  one,  for  many  hemiplegics  who  have  not 
had  these  particulars  called  to  their  attention  fall  into  the  habit  of 
allowing  about  one-half  of  their  locomotory  functions  to  remain  unem- 
ployed. Not  only  must  constant  attention  be  given  to  increasing  the 
length  of  the  stride  but  even  more  is  needed  in  correcting  the  abnormal 
positions  occasioned  by  the  flexors  and  external  rotators  of  the  leg. 
To  this  end  the  patient  must  be  directed  to  swing  the  paralyzed  limb 
forward  at  each  stride  in  such  a  way  that  the  toe  will  tend  to  point 
inward.  It  will  require  much  time  to  gain  this  control;  indeed,  it  may 
never  be  entirely  gained.  In  any  event  the  intention  to  "toe-in"  should 
be  constantly  in  the  patient's  mind  while  he  is  walking,  and  however 
imperfect  his  attempts  in  this  direction  may  prove  practice  should  be 
consistently  kept  up.  At  first  each  step  taken  must  be  studied  in 
detail  and  the  efl'ort  made  to  shorten  the  leg  of  progression  in  the  proper 
way.  The  majority  of  hemij)legics  dei)end  upon  the  elevation  of  the 
pelvis  for  this  shortening.    It  may  be  necessary  to  make  use  of  this 
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pelvic  movement  in  the  early  stages  of  training  the  patient  to  walk, 
hut  the  other  points  of  shortening  should  not  be  neglected.  Where 
possible  the  exercises  should  be  carried  on  in  a  room  with  a  smooth 
wooden  floor.  Under  these  conditions  the  following  device  will  prove 
of  assistance. 

Three  strips  of  half-inch  moulding  are  laid  parallel  along  the  floor 
eight  inches  apart  for  the  entire  length  of  the  room.  At  intervals  of 
every  thirty  inches  cross  strips  of  the  same  thickness  are  made  to 
intersect  the  three  parallel  strips  at  an  angle  of  45  degrees.  In  this 
way  a  number  of  compartments  will  be  formed.  The  patient  should 
then  be  instructed  to  stand  with  his  foot  in  the  centre  of  the  first  com- 
partment. The  toe  of  the  paralyzed  side  should  be  so  directed  as  to 
point  toward  the  acute  angle  formed  by  the  long  middle  strip  and  the 
first  cross  bar.  As  the  patient  begins  to  walk  it  wall  be  necessary 
for  him  to  clear  the  cross  bars  in  succession  and  at  the  same  time 
keep  the  paralyzed  foot  inside  of  the  outer  longitudinal  strip.  It 
will  be  seen  that  this  contrivance  compels  the  patient  to  shorten  the 
leg  so  that  he  may  clear  the  cross  bars.  In  order  to  keep  his  foot  inside 
of  the  outer  parallel  strip  he  must  rotate  the  leg  inward.  Both  of  these 
acts  are  the  particular  desideratum  of  the  exercises.  The  way  in  which 
the  strips  are  laid  out  makes  it  possible  to  use  the  device  when  walking 
in  either  direction.  As  the  patient  acquires  proficiency  in  locomotion 
the  height  of  the  cross  bars  may  be  increased  and  thus  compel  a  greater 
amount  of  shortening  in  the  leg. 

Another  simple  apparatus  consists  of  two  inclined  planes  leading 
up  to  a  small  landing.  If  the  paralj^sis  is  in  the  right  side  the  right 
side  of  one  inclined  plane  should  be  fitted  with  a  series  of  steps  4  inches 
high  and  30  inches  apart.  This  is  to  be  used  as  the  ascending  plane. 
The  descending  plane  should  be  equipped  with  similar  steps  on  the 
right  side  except  that  they  must  be  one-half  as  broad.  If  the 
paralysis  is  on  the  left  side  the  steps  should  be  placed  to  the  left  of 
the  inclined  planes.  A  hand  railing  may  be  erected  on  either  side  of 
the  apparatus.  In  using  this  device  the  patient  is  instructed  to  walk 
up  the  ascending  inclined  plane  in  such  a  way  as  to  keep  his  paralyzed 
foot  on  the  steps.  This  exercise  will  require  a  marked  flexion  of  the 
paralyzed  leg  and  thus  favor  the  return  of  the  impaired  motor  func- 
tion. The  steps  of  the  descending  plane  serve  to  support  the  heel  of  the 
patient  as  he  makes  his  way  back  to  the  floor.  In  this  way  he  is  forced 
to  employ  the  anterior  tibial  muscles,  which  are  important  factors  in 
the  process  of  shortening  the  leg  before  it  is  swung  foward  at  each 
step. 

CEREBRAL  EMBOLISM 

Nature  and  Mechanism. — Embolism  of  the  cerebral  vessels  is 
usually  of  the  arterial  type.  If  functional  disturbances  result  from 
such  a  condition  it  is  generally  due  to  the  occlusion  of  a  large  arte- 
rial stem  or  one  of  its  more  important  })ranches.   The  symptoms 
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produced  in  all  cases  depend,  first,  upon  tlie  immediate  effects  of 
sudden  occlusion  of  a  large  or  important  arterial  trunk  which  occasions 
profound  alterations  in  the  hydrodynamic  condition  of  the  brain,  and 
secondly,  upon  the  relatively  late  developments  due  to  infarction  and 
encephalomalacia.  The  damage  wrought  by  emboli  has  been  attrib- 
uted to  a  special  type  of  arterial  supply  which  is  found  in  many  places 
in  the  body.  The  peculiarity  of  this  blood  supply  depends  upon  the 
fact  that  the  arterial  vessels  in  these  parts  are  the  so-called  terminal  or 
end-arteries  of  Cohnheim.  Such  arteries  are  usually  described  as 
occurring  in  the  kidney,  brain,  spleen,  spinal  cord,  lung,  heart,  retina, 
and  the  region  supplied  by  the  superior  mesenteric  artery.  In  all  of 
these  localities  infarcts  are  of  common  occurrence  as  a  result  of  embol- 
ism. The  anatomical  explanation  of  this  condition  was  said  to  depend 
upon  the  presence  of  the  end-arteries  in  these  parts  with  the  con- 
sequence that  contiguous  areas  in  the  same  organ  has  little  or  no  col- 
lateral arterial  supply.  End-arteries  in  the  strict  sense  are  not  a  sine 
qua  non  for  infarction,  and,  as  Adami  states,  "it  is  not  the  absence  of 
anastomoses  or  of  other  arteries  supplying  the  same  area  that  is  essential 
to  infarct  formation,  but  the  absence  of  arterial  anastomoses  sufficientlv 
large  to  insure  the  proper  nutrition  of  a  part,  once  the  main  vessel  to 
that  part  becomes  suddenly  occluded." 

According  to  Welch,  emboli  causing  demonstrable  symptoms  are 
most  frequent  in  the  arteries  of  the  kidney,  spleen,  and  brain,  the 
frequency  of  occurrence  being  in  the  order  mentioned.  These  emboli 
are  usually  detached  cardiac  thrombi  from  the  left  side  of  the  heart 
or  from  the  heart  valves.  They  may,  however,  be  portions  of  aortic 
thrombi  or  necrotic  thrombi  from  the  pulmonary  veins.  Atheromatous 
material  from  the  venous  system  may,  in  certain  cases,  produce 
arterial  occlusion.  This  is  known  as  paradoxical  or  crossed  embolism 
and  depends  upon  the  patency  of  the  foramen  ovale  in  adult  life.  The 
communication  between  the  two  auricles  of  the  heart  has  been  found  to 
occur  in  one  form  or  another  in  33  per  cent,  of  cases.  There  is  a  well- 
known  clinical  dictum  to  the  effect  that  all  cerebral  emboli  spring  from 
the  left  heart  or  the  aorta  and  that  the  diagnosis  of  cerebral  embolism 
must  therefore  depend  upon  the  demonstration  of  a  cardiac  or  aortic 
lesion.  This  undoubtedly  is  an  excellent  rule  of  thumb,  but  it  must 
also  be  remembered  that  arterial  emboli  may  arise  from  the  pulmonary 
veins  and  that  the  persistence  of  the  foramen  ovale  in  a  large  per- 
centage of  cases  affords  opportunity  for  detached  portions  of  venous 
thrombi  to  cause  arterial  occlusion. 

Formation  of  Emboli.^ — Emboli  may  be  formed  in  various  ways  as  a 
consequence  of  pathological  changes  in  the  bloodvessels  or  the  heart; 
they,  however,  may  be  extravascular  in  their  origin  and  secondarily 
gain  entrance  into  the  blood  stream.  Not  a  little  light  is  thrown 
upon  the  subject  of  cerebral  embolism  by  the  differences  in  constitution 
presented  by  the  various  kinds  of  emboli.  The  commonest  cause  of 
emboli  is  the  detachment  of  thrombotic  material  from  the  walls  of  the 
vessels  or  chambers  of  the  heart.    The  original  thrombus  may  be  of 
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several  different  varieties.  Emboli  due  to  atheromatous  or  calcareous 
material  from  atheromatous  ulcers  are  next  in  point  of  frequency. 
Exfoliated  cell-masses  from  tumors  may  enter  the  blood  stream  from 
emboli  and,  continuing  their  growth,  give  rise  to  metastatic  neoplasms. 

Exfoliated  tissue  cells,  particularly  of  the  placenta  or  the  Hver,  may 
act  as  emboli.  Fatty  masses  form  another  variety  of  the  extravascular 
emboli.  They  almost  never  occur  except  as  the  result  of  trauma, 
operative  or  accidental.  The  fracture  of  the  shaft  of  a  long  bone, 
liberating  marrow  fat,  is  usually  the  cause  assigned  to  fat  embolism. 
It  may  also  be  due  to  osteotomy,  as  well  as  to  resection  and  forcible 
breaking  down  of  ankylosed  joints.  The  operative  manipulations 
incident  to  the  management  of  large  pannicular  adiposities,  the  hand- 
ling of  fatty  omenta  and.  mesenteries,  or  other  fat  accumulations,  may 
likewise  lead  to  fat  embolism. 

Certain  gases  may  form  emboli,  as  for  example  nitrogen.  This 
condition  is  frequently  seen  among  divers  and  compressed-air  workers 
in  general.  Nitrogen  embolism,  although  the  most  frequent,  is  not 
the  only  form  of  gas  embolism.  Thus  Janeway  and  Hun  report  a  case 
with  severe  cerebral  symptoms  due  to  the  injection  of  hydrogen  per- 
oxide into  the  abdominal  and  thoracic  cavities.  Certain  gas-producing 
bacteria  may  cause  the  same  effect,  especially  the  bacillus  aerogenes 
capsulatus  of  Welch. 

Some  animal  parasites  having  gained  entrance  into  the  circulation 
are  capable  of  acting  as  emboli.  Collections  of  the  trypanosomes  in 
the  cerebral  capillaries  are  said  to  cause  the  symptoms  of  the  sleeping 
sickness.  Rupture  of  an  echinococcus  cyst  into  a  vein  may  also  give 
rise  to  embolism.  Intravascular  emboli  in  consequence  of  disease  of 
the  heart  or  bloodvessels,  are  undoubtedly  of  the  most  frequent  occur- 
rence. The  other  varieties,  however,  should  not  be  lost  sight  of  as 
bearing  upon  the  possibilities  of  diagnosis  and  treatment.  As  already 
stated  the  effects  of  cerebral  embolism  are  generally  of  two  types  in  any 
given  case — those  which  are  immediate  and  those  which  are  relatively 
late.  The  late  symptoms  are  focal  in  character,  while  the  immediate 
symptoms  are  more  generalized.  The  question  has  often  been  raised 
why  the  occlusion  of  a  single  vessel  in  the  brain  should  produce  such 
profound  cerebral  disturbance.  In  many  respects  the  solutions  offered 
to  this  problem  are  still  somewhat  unsatisfactory,  but  Geigel's  explan- 
ation, given  as  his  view  of  the  mechanism  of  the  apoplectic  insult  in 
embolism,  seems  to  be  the  most  logical  and  best  founded  on  physical 
grounds.  In  Geigel's  opinion  the  instant  that  an  embolus  becomes 
effective  in  one  of  the  larger  cerebral  arteries  a  great  circulatory  change 
takes  place  in  the  entire  brain.  All  of  the  arteries  which  are  not  occluded 
become  dilated  and  tend  further  to  express  the  blood  from  the  embolized 
area,  with  an  attendant  engorgement  of  all  other  regions.  In  this 
way  an  acute  nutritional  disturbance  is  determined  in  the  brain  which 
has  been  termed  Adiii-morrhysis.  Some  time  is  required  for  the 
reestablishment  of  circulatory  equilibrium  after  the  insult  and  during 
this  interval  the  disorder  is  characterized  by  generalized  cerebral  symp- 
voL  n — 30 
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toms,  the  patient  usually  being  comatose.  When  the  adjustment  has 
been  accomplislied,  however,  and  the  graver  symptoms  jjass,  the  patient 
then  gives  evidence  of  extensive  focal  lesions  in  the  brain  wliicii  are 
usually  manifested  by  hemiplegia.  If,  on  the  other  hand,  relatively 
small  arteries  of  the  cerebral  vascular  system  are  occluded,  the  more 
profound  general  symptoms  may  not  appear,  and  in  this  event  only 
the  phenomena  due  to  the  focal  disturbance  will  be  observed. 

Here,  as  in  the  case  of  cerebral  hemorrhage,  there  are  three  stages 
of  the  disease,  each  requiring  a  more  or  less  distinct  course  of  treatment. 

Treatment  of  Period  of  Preparation. — Some  of  the  causes  operative 
in  the  preparation  of  cerebral  hemorrhage  are  the  forerunners  of  cere- 
bral embolism.  This  is  true  of  arteriosclerosis,  especially  as  it  has  to 
do  with  atheroma  and  calcification  of  the  bloodvessels.  There  are, 
however,  numerous  other  causes  paving  the  way  to  cerebral  embolism 
and  the  general  principle  which  underlies  them  all  is  not  so  much  a 
weakening  of  the  arterial  walls  as  it  is  the  introduction  into  the 
circulation  of  foreign  bodies  either  as  a  result  of  disease  of  the  cardio- 
vascular lining  or  from  some  extraneous  source.  Another  important 
element  is  found  in  the  various  changed  conditions  of  the  blood  itself, 
changes  which  involve  its  viscosity  or  coagulability  or  bath.  The  most 
prolific  causes  of  embolism  are  diseases  of  the  cardiovascular  intima 
and  such  alterations  in  the  character  of  the  blood  as  lead  to  thrombosis. 
The  first  step  in  the  treatment  directed  against  the  occurrence  of 
cerebral  embolism  should  hold  these  points  in  the  foreground. 

Every  case  of  acute  endocarditis  may  give  rise  to  cerebral  emboli, 
although  the  first  attacks  even  of  the  more  severe  forms  are  less  often 
responsible  for  the  complication  than  the  recurrent  variety  of  endo- 
cardial inflammation.  It  has  been  estimated  that  89  per  cent,  of  cere- 
bral embolism  may  be  traced  to  some  cardiac  disease.  Endarteritis, 
especially  involving  the  ascended  and  arched  aorta,  is  also  a  frequent 
source  of  embolism.  Contrary  to  the  somewhat  general  opinion  the 
endocarditis  occurring  as  a  complication  of  certain  febrile  diseases 
should  be  regarded  as  having  its  menace  in  the  formation  of  cerebral 
emboli.  Such  a  complication  in  the  course  of  pneumonia,  diphtheria, 
puerperal  and  general  septicemia,  typhoid  fever,  and  other  exanthemata 
is  fraught  with  the  dangers  of  embolism.  Endocarditis  occurring 
independently  of  such  diseases  should  be  thoroughly  investigated; 
blood  cultures  studied,  and  autogenous  vaccines  prepared.  Stock 
polyvalent  vaccines  of  the  staphylococcus  and  streptococcus  often  gi\  e 
excellent  results.  It  is  the  experience  of  the  writer  that  endocardial 
inflammation  due  to  the  pneumococcus  responds  most  satisfactorily 
to  autogenous  vaccines.  Vaccination  should  always  be  considered  in 
the  case  of  endocarditis  occurring  intercurrently  with  some  other  acute 
infectious  disease.  The  blood  pressure  should  be  made  a  matter  of 
careful  study  in  these  cases,  for  embolism  is  usually  accompanied  by 
relatively  high  blood  pressure.  If  the  efl'ort  of  rising,  sitting  uj)  or  stand- 
ing causes  any  noticeable  increase  in  blood  pressure,  all  actiA  ity  must 
be  interdicted,  the  patient  confined  to  the  bed,  and  kept  as  free  from 
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excitement  as  possible.  Jones'  figures  sliow  that  55  per  cent,  of  all 
cerebral  embolism  occurs  while  the  patient  is  in  bed.  It  is  probable 
that  the  number  of  cases  upon  which  these  figures  were  computed 
were  not  large  enough  to  permit  the  determination  of  an  adequate 
average. 

IVIechanically  it  w^ould  seem  obvious  that  whatever  causes  tended 
to  produce  variations  in  the  blood  pressure,  favoring  its  elevation, 
must  be  avoided.  Recurrent  and  chronic  endocarditis  are  more  prolific 
causes  of  cerebral  embolism  than  the  acute  variety.  To  a  less  degree 
arteriosclerosis  with  its  atheromatous  and  calcareous  degenerations  of 
the  vessels  is  the  essential  disturbance  in  many  cases.  The  treatment 
in  such  cases  must  be  directed  to  the  regulation  of  the  habits  and  general 
life  of  the  patient.  Violent  exercise,  unusual  exertion  as  well  as  mental 
stress  should  be  prohibited.  The  patient  must  be  instructed  to  live 
within  his  means,  as  these  are  represented  by  the  condition  of  his 
heart  and  bloodvessels.  The  iodide  of  potassium  is  undoubtedly  the 
most  useful  agent  in  treating  these  conditions. 

Thrombosis  is  another  cause  of  embolism,  but  its  general  character 
is  so  little  understood  that  the  lines  of  treatment  are  still  limited. 
Whether  the  condition  is  due  to  a  disease  of  the  blood  causing  a  change 
in  its  coagulability  or  viscosity,  or  whether  it  is  the  result  of  disease  in 
the  vessel,  has  not  yet  been  satisfactorily  made  out,  in  consequence  our 
therapy  in  this  instance  is  still  tentative  and  empirical.  Potassium 
iodide  has  been  highly  recommended.  The  various  manners  and 
dosages  in  w^hich  it  may  be  administered  have  all  found  advocates. 

For  the  prevention  of  embolism  arising  from  the  more  common 
extraneous  emboli,  emphasis  should  be  laid  upon  the  necessity  of  instruc- 
ting compressed-air  workers  in  the  proper  method  of  slowly  decom- 
pressing air  workers  in  the  proper  method  of  slowly  decompressing 
themselves  before  returning  to  atmospheric  pressure.  In  this  way  the 
percentage  of  nitrogen  embolism  will  be  greatly  reduced.  Fat  emboli 
may  be  thrown  into  the  circulation  as  a  result  of  trauma,  operative 
or  accidental,  to  fatty  tissues.  Nothing  may  prevent  the  occurrence 
of  fat  embolism  following  fractures,  on  the  other  hand  care  should  be 
taken  in  all  operative  procedures  to  handle  the  large  masses  of  fatty 
tissue  with  the  least  possible  amount  of  manipulation. 

Treatment  of  Period  of  Insult  and  Period  of  Paralysis. — The  essential 
differences  betw^een  cerebral  hemorrhage  and  embolism  are  confined 
to  the  period  of  preparation.  In  the  period  of  insult  it  is  often  impos- 
sible to  distinguish  between  these  two  conditions,  in  which  event  the 
general  directions  already  stated  for  the  management  of  the  period  of 
insult  in  cerebral  hemorrhage  should  be  followed.  Often  the  blood 
pressure  is  high  in  this  phase  of  embolism,  a  symptom  which  at  first 
sight  suggests  hemorrhage.  Much  reliance  has  formerly  been  placed 
in  the  finding  of  a  cardiac  lesion  as  evidenced  by  a  heart  murmur.  This 
in  itself  should  not  be  accepted  as  anything  more  than  suggestive, 
since  carfliac  lesions  often  complicate  cerebral  hemorrhage,  while 
venous  thrombosis  is  one  of  the  most  frequent  causes  for  cerebral 
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embolism.  It  may  be  set  down  as  a  general  rule  that  all  apoplectic 
cases  in  the  period  of  insult  having  a  high  arterial  tension  should  receive 
treatment  which  is  especially  directed  against  the  elevated  jjressure. 

The  proposition  to  the  effect  that  increased  blood  pressure  in  these 
cases  is  salutary,  cannot  be  seriously  considered.  If  this  high  pressure 
has  as  its  purpose  the  maintenance  of  the  hemic  equilibrium  in  the 
vital  centres  during  the  insult  why  do  these  patients  so  uniformly 
present  high  blood  pressure  both  before  and  after  this  period  ?  Further- 
more, what  conservative  element  may  accrue  from  a  sustained  high 
pressure  in  a  vascular  system  designed  by  nature  to  transmit  a  fluid 
at  relatively  low  tension.  The  immediate  treatment  of  embolism 
should  therefore  be  similar  to  that  of  hemorrhage.  The  details  of 
accommodating  the  patient,  of  removing  his  clothes,  of  his  position  in 
bed,  of  the  medication  for  attempting  to  reduce  the  blood  pressure 
and  transportation  if  necessary,  have  already  been  discussed  in  the 
treatment  of  the  period  of  insult  in  cerebral  hemorrhage.  The  same 
may  be  said  of  the  period  of  paralysis  except  that  further  restrictions 
must  be  put  upon  the  patient  on  account  of  his  cardiac  or  arterial 
disease. 

CEREBRAL  THROMBOSIS 

Nature  of  Mechanism. — In  taking  up  the  subject  of  cerebral  throm- 
bosis we  enter  a  field  at  once  complex  and  promising,  for  although 
the  nature  of  this  condition  gives  rise  to  some  intricate  questions  in 
biochemistry,  the  fact  that  the  fundamental  character  of  the  dis- 
turbance is  so  evidently  chemical  offers  much  hope  for  the  ultimate 
solution  of  the  problem. 

By  thrombosis  is  meant  the  clotting  of  blood  inside  of  the  cardio- 
vascular system  during  life  in  contradistinction  to  coagulation  which 
is  blood-clotting  outside  of  the  vessels.  A  thrombus,  therefore,  is  a 
clot  within  a  vessel  or  the  heart,  consisting  of  fibrin,  a  white,  insoluble 
protein  precipitated  in  the  form  of  a  network  of  fine  fibrils.  This 
precipitation  occurs  as  the  result  of  certain  chemical  changes  in  the 
blood  and  the  reduction  of  fibrinogen,  a  substance  normally  present 
in  the  blood  and  lymph,  to  an  insoluble,  fibrinous  state. 

Conditions  of  Thrombosis. — Clotting  in  the  vessels  only  occurs  under 
definite  conditions  which  depend  upon  three  elements:  (1)  Thrombogen; 
(2)  lime  salts;  (3)  an  enzyme  or  ferment.  Thrombogen  and  the 
lime  salts  are  normally  present  in  the  blood,  but  the  ferment  appears 
there  only  under  unusual  circumstances.  It  would  seem  that  this 
last  mentioned  element  is  a  tcriium  quid  to  the  formation  of  thrombus, 
and  that  inasmuch  as  its  presence  in  the  blood  is  unusual,  its  nature 
should  be  all  the  more  carefully  inquired  into.  This  ferment  is  found 
normally  in  a  number  of  places  in  the  body,  as,  for  instance,  in  the 
muscles,  walls  of  bloodvessels,  glands,  erythrocytes,  and  leukocytes. 
It  has  been  termed  thrombokinase  by  Morawitz  and  cyto-zym  by 
Fuld  and  Spiro.   Coagulation  and  thrombosis,  therefore,  represent  the 
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reaction  between  fibrinogen  and  thrombin,  bnt  thrombin  does  not 
exist  in  tlie  bk)od  as  snch,  it  is  present  as  an  inactive  substance  known 
as  prothrombin  or  thrombogen.  This  hitter  substance,  under  the 
influence  of  the  ferment  thrombokinase,  may  be  reduced  to  thrombin, 

i  and  then,  in  the  presence  of  lime  salts,  coagulation  occurs,  erythrocytes 
and  leukocytes.   Under  normal  conditions  this  ferment  has  its  nearest 

j  approach  to  the  blood  stream  in  the  walls  of  the  vessels,  from  which, 
however,  it  is  separated  by  the  endothelium.    Any  injury  or  disease 

'  to  this  endothelium  would  open  the  way  for  the  entrance  of  thrombo- 
kinase into  the  blood  and  thus  favor  formation  of  a  thrombus.  On  the 
other  hand,  this  same  outcome  may  eventuate  without  primary  disease 
or  injury  in  the  endothelium  of  the  vessels,  since  any  cause  determining 
the  destruction  of  red  and  white  cells  may  liberate  thrombokinase 
and  so  lead  to  thrombosis.  In  general,  then,  it  may  be  stated  that 
there  are  three  possibilities  leading  to  the  formation  of  thrombi:  (1) 
A  disease  or  injury  to  the  blood-vascular  system  in  any  of  its  parts 
causing  a  change  or  destruction  of  its  endothelium;  (2)  pathological 
conditions  producing  changes  in  the  blood  itself;  (3)  both  of  these  two 
factors  acting  simultaneously. 

Very  interesting  in  this  connection  and  at  the  same  time  shedding 
light  upon  the  ferment  theory  of  coagulation  are  the  observations  of 
Delezemne  and  Nolf.  These  investigators  have  shown  that  the  blood 
of  fishes,  reptiles,  and  birds  coagulates  very  slowly  when  carefully 
removed  from  the  bloodvessels  and  drawn  off  into  glass  tubes.  If, 
how^ever,  the  blood  in  its  escape  is  permitted  to  come  in  contact  with 
the  surface  of  the  wound  through  which  it  is  being  drawn  coagulation 
rapidly  takes  place.  This  reaction,  it  is  claimed,  indicates  at  once  the 
presence  in  the  tissue  of  a  blood-clotting  ferment  and  demonstrates 
the  defensive  means  with  which  nature  has  provided  the  organism  to 
prevent  extensive  or  fatal  hemorrhage.  The  cell-free  blood  plasm  of 
the  animals  above  mentioned  if  rapidly  contrifugated  coagulates  slowly 
or  not  at  all,  but  if  tissue  extracts  are  added  then  coagulation  is  rapid 
and  marked. 

Howell's  View  of  Thrombosis.^ — In  more  recent  times  another  view 
of  coagulation  and  thrombosis  has  been  advanced.  This  is  the 
view  of  Howell;  it  is  based  on  a  large  number  of  experiments.  Its 
premises  are  lucid  and  definite,  its  conclusions  logically  and  forcibly 
drawn.  If  this  new  theory  proves  to  be  entirely  in  accord  with  all 
the  facts  a  long  step  forward  has  been  taken  not  only  in  the  under- 
standing of  the  mechanism  of  thrombosis,  but  equally  as  much  in  the 
treatment  of  the  conditions  which  cause  it. 

According  to  Howell  the  blood  contains  an  inhibiting  substance 
which  prevents  the  activation  of  prothrombin  by  the  calcium  salts, 
with  the  resulting  formation  of  thrombin.  It  will  be  remembered  that 
coagulation  requires  the  presence  of  thrombin  and  fibrinogen  together, 
so  that  this  inhibiting  substance,  precluding  as  it  does  the  formation 
of  thrombin,  makes  coagulation  impossible.  The  inhibiting  substance 
Howell  calls  antithronybin.    If,  however,  this  antithrombin  becomes 
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lunitralized  in  some  way  coagulation  occurs  promptly.  It  is  generally 
known  that  there  is  a  substance  in  blood  plasma  and  the  so-called 
peptone  plasma  which  has  the  power  of  inhibiting  the  action  of 
thrombin  upon  fibrinogen  with  the  production  of  a  clot.  The  following 
experiment  of  Howell  indicates  this  clearly: 

To  5  c.c.  of  fibrinogen  was  added  5  drops  of  a  thrombin  solution  which 
yielded  a  firm  clot  in  five  minutes.  Then  using  the  same  amounts  of 
fibrinogen  and  thrombin  a  few  drops  of  peptone  plasma  heated  to  60° 
C.  and  filtered  was  added,  with  the  result  that  no  coagulation  occurred 
in  twenty-four  hours.  The  peptone  plasma  therefore  appears  to  contain 
a  substance  which  inhibits  the  action  of  thrombin  on  fibrinogen.  This 
substance  so  closely  resembles  antithrombin  in  its  general  properties 
that  it  is  fair  to  call  it  by  this  name.  Commercially  this  substance  is 
known  as  hirudin.  It  is  a  principle  obtained  from  the  heads  of  leeches 
by  physiological  salt  solution,  used  to  prevent  coagulation  of  the  blood 
and  maybe  employed  in  doses  of  grain  (0.001  gram).  While  this 
experiment  demonstrates  the  presence  and  action  of  antithrombin  in 
the  blood  plasma  it  next  became  necessary  to  establish  the  existence 
of  an  element  which  neutralized  antithrombin.  To  this  end  a  mixture 
of  fibrinogen  thrombin  and  peptone  plasma  was  made  with  the  usual 
result  of  no  clot  formation.  To  this  a  tissue  extract  from  the  spleen 
and  thymus  was  added  and  immediately  coagulation  occurred,  thus 
showing  that  the  tissue  extract  contained  as  it  were  an  antibody  to 
antithrombin.   This  antibody  Howell  calls  thromboplastin. 

Thromboplastin  occurs  in  many  tissues  of  the  body  into  which  the 
blood  escaping  during  hemorrhage  would  rapidly  have  its  contained 
antithrombin  neutralized  with  the  consequent  formation  of  a  clot. 
Clot  formation  in  these  instances  is  a  conservative  process,  and  because 
almost  every  tissue  in  the  body  seems  to  contain  thromboplastin  the 
entire  economy  is  provided  with  a  substance  capable  within  limited 
bounds  of  meeting  the  emergency  of  hemorrhage.  When  clotting  takes 
place  within  the  cardiovascular  system  thromboplastin  has  gained 
entrance  into  the  blood  from  some  source,  either  because  the  cor- 
puscular elements  themselves  are  undergoing  pathological  changes  or 
because  of  certain  diseases  in  the  walls  of  the  bloodvessels.  Howell's 
theory  not  only  offers  a  new  field  for  investigation  but  brings  with  it 
the  hope  that  the  conditions  leading  to  thrombosis  may  be  successfully 
combated,  ' 

Conditions  Favoring  Thrombosis, — Certain  conditions  distinctly  favor 
the  formation  of  thrombi,  thus  slowing  of  the  blood  current  with  an 
attendant  reduction  of  pressure,  according  to  Lubarsch,  is  especially 
favorable  to  thrombosis.  Thrombi  occur  four  times  as  frequently 
in  the  veins  as  in  the  arteries;  they  occur  when  the  vascular  channels 
are  unusually  wide  or  dilated,  as  in  the  auricular  appendages  in  the 
sinuses  of  the  brain,  and  in  certain  aneurysms.  If  the  blood  current  is 
rapid  and  under  relatively  high  pressure  the  tendency  to  thrombus 
formation  is  slight;  and  this  is  so  even  in  spite  of  injury  or  disease  to 
the  endothelium  of  the  channel,  a  fact  well  illustrated  by  the  infre- 
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qiiency  of  thrombosis  of  the  aorta  even  in  the  presence  of  atheromatous 
ulceration  there. 

The  formation  of  eddies  in  the  blood  current  has  been  held  responsible 
for  thrombus  formation.  According  to  this  idea  the  blood  at  the  centre 
of  the  eddy  is  moving  more  slowly,  and  hence  has  greater  opportunity 
to  clot. 

Hemolysis  and  destruction  of  the  blood  corpuscles  also  seems  to 
play  a  part  in  thrombosis.  This  destruction  occurs  as  a  result  of  certain 
endogenous  and  exogenous  agents.  Among  the  exogenous  poisons 
which  may  act  in  this  way  are  the  salts  of  lead,  mercury  and  arsenic, 
the  sulphates,  chlorates  and  sulphates  of  potassium,  toluylenediamin, 
nitrobenzole,  phenalhydrazin,  carbolic  and  salicylic  acids,  extracts  of 
amanita  and  other  poisonous  mushrooms,  snake  venom,  and  many 
enzymes.  Common  among  the  endogenous  poisons  are  the  products 
of  extensive  burns,  toxic  substances  of  uremia,  severe  secondary  anemia, 
as  that  accompanying  carcinoma  and  pernicious  anemia. 

Compared  with  bacterial  toxemias,  those  due  to  endogenous  and 
exogenous  poisons  are  relatively  rare.  According  to  Adami  most 
people  die  of  terminal  infections  while  the  so-called  bland  thrombi 
observed  in  these  cases  are  found  to  contain  bacteria.  Welch  and 
Lubarsch  maintain  that  if  known  cases  of  suppuration,  lobar  pneu- 
monia, typhoid  fever,  appendicitis,  diphtheria,  acute  rheumatism, 
measles,  and  influenza  be  carefully  studied,  capillary  thrombi  in 
the  brain,  lungs,  kidneys,  and  intestines  will  be  found  to  occur  with 
remarkable  frequency.  • 

Another  predisposing  cause  of  thrombosis,  and  perhaps  the  most 
prolific  one,  is  disease  or  injury  to  the  vascular  walls.  In  the  opinion 
of  some  pathologists  this  is  the  condition  essential  to  thrombosis. 
Experiments  by  many  observers  seem  to  indicate  that  impairment  of 
the  vascular  endothelium  is  not  in  all  cases  a  sufficient  cause  for  throm- 
bus formation.  A  roughened  endothelial  surface,  however,  over  which 
the  blood  is  passing  at  an  unusually  slow  rate  and  at  low  pressure 
provides  a  combination  of  conditions  which  almost  inevitably  produce 
thrombi.  The  causes  which  may  determine  the  angeitis  are  numerous 
and  varied.  They  comprise  the  factors  which  have  already  been  men- 
tioned in  connection  with  thrombosis  due  to  changes  in  the  blood.  So 
that  it  does  not  overreach  the  facts  to  state  that  the  great  majority 
of  diseases  may  pave  the  way  to  thrombosis  and  that,  in  this  light, 
many  of  the  sequelae  of  such  diseases  perhaps  have  their  explanation, 
at  least  in  part,  in  the  formation  of  thrombi.  It  would  seem  that  this 
proposition  opens  a  wide  field  for  thought  and  investigation  inasmuch 
as  there  is  now  the  likelihood  that  the  tendency  toward  thrombosis 
may  be  overcome  therapeutically. 

Treatment  in  the  Period  of  Preparation. — If  such  a  period  may  be 
recognized  at  all  it  will,  as  previously  stated,  extend  over  a  wide  range 
of  diseased  conditions;  it  will  introduce  a  new  object  for  care  and 
attention  during  the  defervescence  of  and  recuperation  from  long 
febrile  illnesses;  it  will  render  necessary  the  routine  investigation 
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concerning  the  clotability  of  the  blood  in  cases  of  cachexia  and  anemia 
and  in  all  such  cases  it  will  raise  the  question  as  to  tlie  expediency  of 
attempting  to  control  the  coagulability  of  the  blood  by  the  therapeutic 
means  which  seem  now  to  be  at  hand.  It  may  be  impossible  to  avoid 
or  eliminate  the  agents  which  do  damage  to  the  vascular  endothelium 
and  thus  favor  thrombosis,  but  something  may  be  accomplished  in 
overcoming  the  tendency  to  a  slow-moving,  low-pressure  blood  current 
and  even,  perhaps,  to  combat  an  increased  disposition  on  the  part  of 
the  blood  to  clot. 

Blood  pressure  below  100  mm.  in  the  adult  should  always  be  looked 
upon  with  suspicion.  This  is  especially  true  if  the  pulse  is  irregular  or 
arrhythmic.  Whatever  the  causes  of  this  lagging  circulation  may  be, 
whether  exhaustion,  failing  compensation,  cachexia,  or  anemia,  the 
condition  should  not  be  allowed  to  continue. 

Therapeutic  Indications. — Under  such  circumstances  the  therapeutic 
indications  are  for  such  drugs  as  increase  the  force  of  the  heart  and  at 
the  same  time  decrease  its  frequency.  For  this  purpose  digitalis,  stro- 
phanthus,  scilla,  convallaria,  and  scoparius  may  be  used.  Digitalis 
gives  the  most  uniformly  satisfactory  results.  Care  must  be  had  to 
disturb  the  digestion  as  little  as  possible.  The  tincture  of  the  drug  is, 
perhaps,  the  best  adapted  to  administration  by  mouth.  The  dosage 
must  be  suited  to  the  requirements  of  the  individual  case.  It  may 
become  necessary  to  employ  some  of  the  other  agents  mentioned 
above  or  a  combination  of  several  of  them.  A  useful  combination 
of  this  character  is  the  following. 


— Tincturse  digitalis  lUv 

Tincturae  strophanthi  TKliij 

Elixiris  aromatici  5j 

This  may  be  given  every  three  hours  according  to  the  nature  of  the 
case.  Another  good  combination  is  found  in  the  Waldstein  tablet, 
which  contains  the  following: 

— Spartein  sulphate   ST-  .A 

Tincturse  strophanthi   TTliij 

Caffeine  citrate   gr.  i 

Codeine  sulphate   gr-  jV 


Adrenalin  hydrochloride  and  strychnine  sulphate  have  also  been 
recommended  for  the  same  purpose. 

In  determining  the  clotability  of  the  blood  the  following  simple 
apparatus  of  Dale  and  Laidlaw  may  be  employed. 

1.  Capillary  tube  1.3  to  1.4  mm.  in  diameter,  2  cm.  long. 

2.  Small  shot  large  enough  to  roll  through  the  lumen  of  the  tube. 

3.  A  basin  for  holding  water  at  a  temperature  of  35°  to  40°  C. 

A  drop  of  blood  from  the  finger  is  introduced  into  the  tube  and  the 
ends  of  the  tube  sealed  with  plasticine.  The  tube  is  now  held  under 
warm  water  and  tipped  up  and  down  allowing  the  shot  to  roll  from 
one  end  to  the  other.  The  instant  the  shot  stops  rolling  is  recorded  by 
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a  stop-watch.  The  time  elapsed  between  the  drawing  off  of  the  blood 
and  its  clotting  in  the  capillary  tube  is  known  as  the  coagulation  time. 
According  to  this  method  of  estimation  the  average  coagulation  time 
in  the  healthy  individual  is  one  minute  and  forty-five  seconds.  A 
coagulation  time  of  one  minute  or  under  should  be  considered  as  abnor- 
mally rapid.  It  is  premature  as  yet  to  recommend  the  use  of  anti- 
thrombin  in  the  effort  to  inhibit  or  prevent  thrombosis.  Clinical 
evidence  bearing  upon  these  points  is  still  insufficient.  There  are  good 
reasons  for  tlie  belief,  however,  that  some  means  of  introducing  anti- 
thrombin  without  the  dangers  of  anaphylaxis  or  other  toxemias  will 
soon  be  forthcoming. 

Certain  dietetic  precautions  have  been  advised  to  prevent  thrombosis, 
especially  after  typhoid  fever  or  other  exhausting  diseases.  Partial 
decalcification  of  the  milk  by  adding  0.25  per  cent,  or  0.5  per  cent,  of 
sodium  citrate  has  been  recommended.  Wright  and  Paramore  found 
that  the  coagulation  time  of  the  blood  was  reduced  one-fifth  by  adding 
calcium  chloride  or  lactate  to  the  diet.  This  observation  w^as  not 
substantiated  by  Dale  and  Laidlaw. 

Cases  of  low  blood  pressure,  in  which  the  patients  complain  of  numb- 
ness, paresthesia,  heaviness,  or  pain  in  one  side  of  the  body,  or  one  side 
of  the  face,  demand  prompt  and  active  treatment.  Such  conditions 
in  conjunction  with  transitory  vertigo  or  syncope,  speech,  visual,  or 
auditory  disturbance  should  be  regarded  as  premonitory  symptoms  of 
cerebral  thrombosis,  for  contrary  to  what  was  once  the  opinion  con- 
cerning vascular  disturbances  of  the  brain,  it  is  believed  that  cerebral 
thrombosis  more  frequently  causes  prodromal  symptoms  than  hemor- 
rhage or  embolism.  The  blood  pressure  in  such  cases  should  be  care- 
fully followed  and  should  be  raised  by  the  use  of  appropriate  cardiac 
stimulants.  It  is  often  advisable  to  begin  at  once  with  some  of  the 
rapidly  diffusible  stimulants,  as  whisky  or  spirits  of  ether,  and  later 
introduce  digitalis,  sparteine,  or  strophanthus. 

Treatment  of  the  Period  of  Insult. — It  is  not  often  possible  to  differ- 
entiate at  once  between  cerebral  hemorrhage,  embolism,  and  thrombosis. 
For  this  reason  the  immediate  management  of  the  patient  should  be 
the  same  in  all  cases.  These  points  have  been  covered  in  discussing 
the  treatment  of  the  period  of  insult  in  cerebral  hemorrhage  (page  439) . 
The  first  fact  to  be  ascertained  after  establishing  treatment  is  the 
height  of  the  blood  pressure.  A  low  blood  pressure  in  the  absence  of 
any  cardiac  murmur  may  be  regarded  as  presumptive  evidence  of  throm- 
bus. An  irregular  tumultuous  heart  action  with  a  rapid  coagulation 
time  of  the  blood  strongly  favors  the  diagnosis  of  thrombosis.  Here, 
unlike  the  treatment  of  hemorrhage,  the  chief  object  is  to  steady  and 
regulate  the  heart.  If  the  blood  pressure  is  low  and  the  heart  irregular 
or  arrhythmic  there  is  need  of  digitalis  or  strophanthus.  If,  on  the 
other  hand,  the  blood  pressure  is  not  below  90  mm.  Hg.  and  the  heart 
is  regular  it  is  very  questionable  whether  any  drugs  of  this  type  should 
be  used.  Another  condition  which  contraindicates  the  use  of  digitalis 
or  strophanthus  is  acute  parenchymatous  nephritis.    With  this  com- 
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plication  present  tlie  most  reliable  druf^  to  use  is  sparteine  sulphate 
gr.  J  every  four  hours.   The  patient  should  be  kejjt  flat  on  his  back 
without  elevation  either  of  the  head  or  the  bed  itself. 

In  other  particulars  the  treatment  of  this  period  corresponds  to  that 
of  hemorrhage  and  embolism  as  already  described  (page  439). 

Treatment  of  the  Period  of  Paralysis. — Particular  attention  should 
be  given  to  cases  of  thrombosis  in  the  period  of  paralysis  in  order  to 
avoid  a  recurrence  of  the  trouble.  To  this  end  the  conditions  of  the 
circulation  must  be  carefully  watched;  when  the  heart  flags  and  the 
blood  pressure  is  below  100  mm.  Hg.  proper  cardiants  should  be  em- 
ployed. In  thin,  anemic  individuals  forced  feeding  and  out-of-door 
life  is  to  be  recommended  even  to  the  extent  of  sleeping  in  tlie  open 
air.  Inasmuch  as  it  is  desirable  to  improve  the  cardiovascular  tone 
of  these  patients  they  may  be  urged  into  more  active  exercise  than  in 
the  cases  of  cerebral  embolism  or  hemorrhage.  The  directions  for  these 
exercises  and  the  methods  of  supplementing  them  have  already  been 
given  on  page  449.  The  patient  should  be  especially  encouraged  in 
this  part  of  the  treatment,  since  excellent  results  are  obtained  in 
many  cases. 
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TREATMENT  OF  DISORDERS  OF  EXPRESSION 
(APHASIA,  APRAXIA,  ETC.) 

By  S.  a.  KINNIER  WILSON,  M.D. 

It  may  be  said  at  once,  by  way  of  introduction,  that  the  subject  of 
the  treatment  of  disorders  of  expression  is  so  large  that  it  is  desir- 
able it  should  be  delimited  and  the  scope  of  this  article  defined.  The 
following  topics,  then,  will  not  be  alluded  to  in  this  place: 

1.  Hysterical  disorders  of  expression:  hysterical  aphonia,  mutism,  etc. 

2.  Deaf-mutism. 

3.  Other  functional  conditions:  speech  neuroses,  such  as  spastic 
aphonia  or  aphthongia,  stammering,  stuttering,  lisping,  lalling,  idio- 
glossia,  etc.  For  a  consideration  of  these  speech  defects  the  reader  is 
referred  to  other  chapters.  In  this  article  attention  will  be  directed 
to  three  main  disorders  of  expression,  viz.,  aphasia,  dysarthria  or 
anarthria,  and  apraxia,  and  the  treatment  of  these  w^ill  be  considered 
in  turn. 

It  must  be  clearl}^  understood  at  the  outset  that  in  any  discussion 
on  the  therapeutic  procedures  to  be  adopted  where  such  phenomena 
show  themselves,  we  are  dealing  with  symptoms,  and  symptoms  only. 
There  is  no  such  disease  as  aphasia,  just  as  there  is  no  such  disease 
as  paraplegia.  Similarly,  apraxia,  or  aphasia  of  the  extremities,  as 
it  has  been  somewhat  inadequately  termed,  is  merely  a  symptom,  an 
exteriorization,  of  an  underlying  intracranial  defect,  and  we  shall  lay 
ourselves  open  to  the  charge  of  irrationally  attempting  the  impossible 
if  we  endeavor  to  "cure"  a  "symptom."  Treatment  must  be  directed, 
in  the  first  place  at  least,  to  the  underlying  morbid  condition,  of  which 
aphasia  is  but  the  outward  expression.  On  the  other  hand,  when  the 
symptom  seems  to  have  become  persistent  it  may  be  possible  by  suit- 
able methods  to  alleviate  or  ameliorate  or  palliate  its  severity,  and  this 
constitutes  a  division  of  the  subject  to  which  considerable  attention 
will  be  devoted. 

It  may  further  be  remarked  in  this  place  that  in  the  matter  of  aphasia 
and  apraxia  we  are  dealing  with  vexed  questions.  Round  the  subject 
of  aphasia  recent  discussion  has  raged  with  an  intensity  that  one  had 
almost  thought  was  foreign  to  any  scientific  study:  and  apraxia  is 
a  subject  which  is  as  yet  comparatively  little  known  to  the  profession 
at  large,  though  of  its  importance  and  localizing  significance  there 
can  be  no  doubt.  For  these  and  other  reasons  it  appears  appropriate 
to  preface  the  consideration  of  the  treatment  of  these  conditions  with 
some  attempt  at  indicating  what  is  the  present  state  of  our  knowledge 
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so  far  as  they  are  concerned;  and  in  the  case  of  apraxia  a  brief  iiitro- 
ductioii  on  tlie  matter  of  definition,  terminology,  and  symptomatology 
is  called  for. 

From  the  nature  of  the  case  it  frequently  happens  that  the  symptoms 
of  aphasia  and  apraxia  clear  up  of  their  own  accord;  transient  dis- 
turbances of  this  description  are  often  seen  in  the  clinical  picture.  This 
being  so,  the  reader  will  appreciate  the  desirability  of  discussing  prog- 
nosis and  treatment  together,  and  in  the  subsequent  paragraphs  it 
will  be  seen  that  this  is  the  plan  which  the  writer  has  adopted. 

APHASIA 

The  intricacy  of  the  subject  of  aphasia  is  attributable  to  two  ele- 
ments in  its  study;  there  is  first  the  question  of  the  regional  diagnosis 
of  the  lesion  producing  the  phenomena,  and  there  is  in  the  second 
place  the  question  of  the  relation  of  these  phenomena  to  the  psychical 
and  physiological  functioning  of  the  cerebrum.  In  other  words,  a 
given  aphasic  symptom-complex  may  be  looked  at  in  two  ways:  what 
is  the  site  of  the  lesion  producing  the  symptoms,  and  what  is  the  nature 
of  the  physiological  or  psychical  disturbance  produced?  Failure  fully 
to  appreciate  the  difference  between  these  two  questions — for  they 
are  on  different  planes — has  frequently  led  to  confusion  of  thought, 
and  consequent  misunderstanding.  Every  case  of  aphasia  is  thus 
double-sided,  and  this  double-sidedness  is  reflected  in  its  treatment, 
for  that  may  be  directed  either  to  the  improvement  of  the  anatomical 
or  rather  pathological  substratum,  or  of  the  ps}cho-physiological 
disturbance,  and  in  each  instance  the  fashion  of  the  treatment  differs 
widely  from  the  other. 

In  the  strict  sense,  of  course,  the  two  cannot  be  separated,  and  in  deal- 
ing with  the  treatment  of  aphasia  we  must  always  bear  in  mind  that, 
as  Bastian  says,  w^ords  are  the  counters  by  means  of  which  thought 
is  carried  on,  so  that  ipso  facto  every  case  of  aphasia  is  so  far  a  case  of 
impaired  intelligence.  But  that,  apart  from  the  special  defect  of  intelli- 
gence constituted  by  itself,  aphasia  may  occur  without  any  further 
intellectual  defect  of  any  sort,  is  abundantly  clear  from  numerous 
clinical  instances. 

It  is,  fortunately,  unnecessary  to  enter  into  the  minutiae  of  the 
regional  diagnosis  of  aphasia  in  this  place.  The  writer  assumes  that 
the  reader  is  familiar  with  the  classical  views  which  have  been  built  up 
by  the  labors  of  half  a  century— for  it  is  almost  exactly  fift>'  years 
since  Broca  made  his  epoch-making  discovery — and  suggests  that  he, 
further,  need  not  feel  that  the  accumulated  evidence  of  these  fifty 
years  has  suddenly  become  untrustworthy  because  of  recent  onslaughts 
on  the  classical  theories.  What  cannot  be  shaken  will  remain,  and  the 
salient  truths  of  the  accepted  aphasia  teaching  stand  out  the  Tuore 
clearly  as  a  result. 

Classification. — Aphasia  is  classified  as  motor  or  sensory.  Roughly 
speaking,  motor  disturbances  of  expression  are  associated  with  cortical 
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or  subcortical  lesions  situated  in  front  of  the  fissure  of  Rolando,  and  of 
an  imatjinary  line  continued  down  from  it  across  the  temporal  lobe; 
sensory  disturbances  of  expression  are  linked  to  lesions  situated  pos- 
terior to  the  fissure  of  Rolando. 

Motor  Aphasia. — The  motor  speech  centre  is  placed  in  the  posterior 
portion  of  the  third  or  inferior  frontal  gyrus  of  the  left  hemisphere, 
in  right-handed  people,  where  the  gyrus  borders  on  the  operculum. 
Xiessl  von  Mayendorf  would  place  the  centre  in  the  lower  end  of  the 
precentral  gyrus,  to  the  exclusion  of  the  inferior  frontal  gyrus,  but 
including  the  operculum;  Pierre  Marie  would  also  dismiss  Broca's 
convolution  from  its  place  of  honor  and  locate  the  centre  in  a  vast 
quadrilateral  which  includes  both  gray  and  white  matter  in  profusion. 
Of  the  former  view  it  may  be  said  that  while  it  does  not  differ  so  widely 
from  the  accepted  theory  as  may  appear,  it  does  not  commend  itself 
for  several  reasons,  which  cannot  here  be  entered  on;  of  the  latter 
there  is  no  evidence  of  the  existence  of  an  actual  speech  "centre"  in 
the  quadrilateral,  while  it  contains  practically  the  whole  of  the  pro- 
jection fibers  of  Broca's  convolution,  as  well  as  the  associational  fibers 
uniting  the  auditory  word-centre  (see  below)  to  Broca's  area;  and  it 
is  already  admitted,  as  Bastian  and  Collier  say,  that  lesions  of  either 
of  these  paths  is  productive  of  aphasia  by  isolation  of  Broca's  centre. 
A  lesion  of  the  motor  speech  centre  is  followed  by  inability  to  translate 
ideas  into  words;  the  patient  is  speechless;  he  may  be  able  to  "utter" 
an  occasional  word,  under  the  stress  of  emotion  or  otherwise,  but  he 
cannot  "speak,"  i.e.,  he  cannot  "propositionize,"  and  the  words  which 
he  may  get  through,  such  as  "yes"  or  "no,"  are  usually  incorrectly 
used  from  the  point  of  view  of  ordered  speech. 

It  is  to  be  noted,  however,  that  there  is  no  paralysis  of  the  muscles 
concerned;  at  least,  in  a  pure  case;  so  that  while  the  patient  cannot 
propositionize  "yes"  or  "no,"  he  can  articulate  the  words  perfectly 
well.  We  are  thus  led  to  the  conception  of  inability  to  perform  certain 
movements,  viz.,  those  which  are  concerned  in  the  formation  of  certain 
sounds  which  we  call  words,  while  at  the  same  time  there  is  no  actual 
paralysis  of  the  appropriate  muscles.  This  phenomenon  is  denominated 
motor  apraxia,  or,  more  shortly,  apraxia,  and  for  the  sake  of  synthe- 
tizing  our  conceptions  there  is  every  reason  why  pure  motor  aphasia 
should  be  considered  as  one,  of  several,  varieties  of  apraxia.  Broca's 
centre,  then,  may  be  viewed  as  a  eupraxic  centre  for  the  orderly  coor- 
dination of  the  successions  of  delicate  movements  necessary  for  the 
production  of  the  spoken  w^ord;  the  word-images,  which  are  in  part 
at  least  kinesthetic  images,  must  be  awakened  in  this  coordinated  way 
prior  to  the  actual  innervation  of  the  muscles  concerned  from  the 
motor  area  proper,  on  the  precentral  cortex  in  front  of  the  fissure  of 
Rolando,  at  its  lower  extremity. 

When  the  lesion  involves  the  pyramidal  fibers — as  opposed  to  the 
subsulcine  fibers  uniting  Broca's  eupraxic  centre  to  the  corresponding 
motor  area  .sen.vi  .tfridiori,  or  the  eupraxic  centre  itself,  or  even  other 
fiber  groups  reaching  that  centre  from  elsewhere  (to  be  referred  to 
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later) — which  ptass  from  tlic  cortical  motor  centres  for  lips,  toiif?ue 
palate,  larynx,  and  so  on,  to  the  corresponding!;  pontomedullary  nuclei' 
by  the  jaisccau  (lenicule,  we  have  dysartliria  in  varying  degrees  of 
intensity  to  complete  anartliria.  Articulation  is  defective,  apart  from 
the  content  of  the  patient's  speech.  (It  may  be  noted,  i)arentheticaliv, 
that  the  use  of  the  term  anarthria  by  Pierre  JNIarie  differs  materially 
from  this  the  accepted  usage.) 

There  is  another  motor  centre  of  the  higher,  or  eupraxic,  type  which 
is  intimately  associated  with  the  carrying  out  of  the  expression  of 
speech,  in  the  wide  sense  of  the  w^ord;  this  is  the  so-called  writing  centre, 
which  is  placed  at  the  posterior  end  of  the  second  or  middle  left  frontal 
convolution.  Written  speech  is  an  integral  part  of  motor  speech 
expression,  but  there  has  been  much  controversy  as  to  whether  a  separate 
writing  centre,  in  a  narrow  sense,  should  or  could  be  postulated.  If 
there  have  been  observers,  such  as  Dejerine,  who  have  argued  strongly 
against  the  existence  of  a  distinct  writing  centre,  there  are  others  who 
have  adduced  clinical  and  pathological  evidence  in  favor  of  it  which 
it  is  difficult  to  gainsay.  In  a  lesion  of  this  area,  the  patient  is  unable 
to  execute  the  ordered  sequence  of  fine  movements  necessary  to  the 
production  of  letters  and  w^ords  with  a  pen,  yet  he  need  not  be  paralyzed 
at  all  as  far  as  the  arm  and  hand  and  fingers  are  concerned.  Here 
again,  evidently,  we  meet  with  the  conception  of  a  eupraxic  centre 
for  the  building  up  in  order  of  the  succession  of  delicate  movements 
concerned  with  writing,  the  actual  innervation  of  the  muscles  taking 
place  from  their  motor  centres  on  the  precentral  gjTus.  We  thus 
come  to  look  upon  agraphia  as  a  variety  of  apraxia,  a  view  advo- 
cated by  Liepmann,  Heilbronner,  and  others  in  a  convincing  way. 
And  there  is  little  reason  to  doubt  that  by  analogy  some  such  eupraxic 
centre  for  the  leg  can  be  hypothecated  at  the  posterior  end  of  the  first 
or  superior  frontal  convolution. 

It  is  worth  noting  that  these  eupraxic  centres  are  situated  in  a 
region  of  the  cortex  which  differs  histologically  from  the  motor  area 
properly  so-called,  the  excitable  motor  area,  which  corresponds  to  the 
anatomical  region  in  which  are  found  the  giant  cells  of  Betz.  The 
eupraxic  centres  are  placed  in  the  intermediate  precentral  area,  whose 
cortex  differs  also  from  that  of  the  frontal  pole,  or  rather,  prefrontal 
region.  It  approximates  more  to  the  former  than  to  the  latter,  however. 

Sensory  Aphasia. — Sensory  aphasia  is  occasioned  by  a  lesion  which 
involves  either  the  posterior  end  of  the  first  and  second  temporal  con- 
volutions on  the  left  side,  or  the  cortical  superficies  in  the  region  of 
the  angular  gyrus.  The  type  is  distinguished  as  auditory  or  visual 
aphasia  respectively.  In  auditory  aphasia  the  patient  is  unable  to 
understand  what  is  said  to  him,  although  he  has  no  deafness;  in  visual 
aphasia  he  cannot  understand  what  he  reads,  although  he  is  not  l)lind. 
The  two  varieties  frequently  occur  togetlier,  and  every  gradation 
from  slight  to  severe  sensory  aphasia  is  possible. 

Now  when  a  patient  is  unable  to  recognize  what  he  sees  or  hears, 
he  is  suffering  from  a  condition  which  is  designated  today  as  agnosia. 
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a  condition  which  on  the  sensory  side  corresponds  to  apraxia  on  the 
motor  side.  By  allowing  such  heterologous  terms  as  mind-blindness, 
object-blindness,  tactile  aphasia,  optic  aphasia,  and  so  on  to  fall  into 
merited  desuetude,  we  can  adopt  the  expression  agnosia  to  cover  all 
varieties  of  failure  to  recognize  stimuli  reaching  the  sensorium  by 
any  sense  avenue  whatever,  though  the  stimuli  themselves  are  appre- 
ciated by  the  corresponding  cortical  region  adapted  to  receive  such 
stimuli.  It  will  bq  seen  at  once,  then,  that  auditory  and  visual  aphasias 
are  but  varieties  of  agnosia,  and  the  physician  will  do  well  to  make 
himself  familiar  with  this  larger  view  of  these  disturbances. 

Combinations  of  Motor  and  Sensory  Aphasia. — Various  combinations 
of  motor  and  sensory  aphasia  occur,  and,  further,  there  are  types  of 
aphasic  defect  distinguished  as  transcortical,  where  Broca's  and  Wer- 
nicke's areas  are  cut  off  from  a  supposed  higher  cortical  ideation  centre. 
It  is  not,  however,  germane  to  the  purpose  of  this  article  to  enter  into 
the  refinements  of  aphasic  diagnosis;  apart  from  their  comparative 
rarity,  the  interest  of  these  types  is  chiefly  academic,  inasmuch  as 
their  pathology  does  not  rest  on  an  established  foundation.  The  symp- 
toms of  transcortical  aphasia  occur  only  as  the  result  of  complicated 
cortical  and  subcortical  lesions,  and  the  treatment  of  the  disease  does 
not  depend  in  any  material  degree  on  the  complexity  of  its  external 
manifestations. 

Nothing  further,  therefore,  need  be  said  about  the  subdivisions  of 
aphasia  is  this  place,  or  on  various  anomalous  symptoms  occasionally 
met  with  in  the  study  of  cases. 

Psycho-physiological  Speech  Mechanism. — Attention  must  now  be 
directed  to  the  consideration  of  certain  problems  which  exercise  an 
important  bearing  on  the  matter  of  prognosis  and  treatment  in  aphasia. 
As  has  already  been  hinted,  a  due  appreciation  of  the  double-sidedness 
of  aphasia  is  necessary  to  enable  the  physician  to  gauge  aright  the 
nature  of  the  morbid  phenomena;  the  questions  now  to  be  discussed 
are  concerned  more  particularly  with  the  psycho-physiological  side  of 
the  speech  mechanism. 

Function  of  Right  Hemisphere. — What  share  does  the  right  hemi- 
sphere take  in  speech?  There  can  be  little  doubt  that,  as  far  as  hear- 
ing, seeing,  smelling,  and  tasting  are  concerned,  the  corresponding 
centres  of  both  hemispheres  are  educated  concurrently  by  suitable 
afferent  stimuli.  It  has  never  been  seriously  maintained  that  hearing 
or  vision  preponderates  in  one  as  opposed  to  the  other  hemisphere. 
On  the  other  hand,  as  Bastian  points  out,  this  is  probably  not  the  case 
for  the  tactile  and  other  common  sensibility  centres,  seeing  that  tactile 
and  kinesthetic  impressions  have  in  all  cases  to  be  strictly  localized. 
If,  therefore,  in  the  development  of  the  child  the  right  limbs  are  used 
more  than  the  left,  it  is  possil)le  that  the  left  hemisphere  will  pre- 
ponderate over  the  right,  will,  in  other  words,  become  the  leading  or 
superior  hemisphere,  by  reason  of  its  reception  of  more  afferent  stimuli. 
Although  no  doubt  there  is  in  most  people  an  innate  or  inherited 
superiority  of  the  left  hemisphere  over  the  right,  it  is  important  to 
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recognize  to  what  extent  tliis  is  confirmed  by  education.  The  teaching 
of  children  to  write  with  the  right  hand  is  universal,  so  that  should  a 
child  not  have  by  nature  that  sui)eriority  of  the  left  half  of  the  cere- 
brum over  the  right,  to  which  reference  has  just  been  made,  education 
will  speedily  determine  it.  There  are  many  instances  in  the  experience 
of  everyone  where  a  natural  tendency  to  left-handedness  has  disap- 
peared under  the  influence  of  training,  especially,  for  some  reason,  in 
the  case  of  girls,  but  the  contrary  process — a  right-handed  child 
becoming  left-handed— never  occurs.  Indeed,  it  has  been  maintained 
by  Ernst  Weber  that  the  epoch-making  discovery  of  Broca  in  1SG2 
became  possible,  although  right-handed  men  had  existed  for  hundreds 
of  years,  only  because  the  dissemination  of  the  faculty  of  writing  among 
all  classes  finally  determined  the  superiority  of  the  left  hemisphere 
over  the  right,  and  at  the  same  time  finally  established  the  localization 
of  the  speech  centres  in  the  left  cerebral  cortex.  This  position  is  per- 
haps rather  too  extreme,  but  enough  has  been  said  to  indicate  how 
the  fact  that  the  child  is  taught  to  write  with  the  right  hand  has  an 
important  bearing  on  the  lead  which  in  the  great  majority  of  persons 
the  left  hemisphere  takes  over  the  right.  As  a  general  rule,  the  differ- 
ence between  the  daily  work  of  the  two  arms  is  considerably  less  than 
the  corresponding  difference  in  function  between  the  right  and  the 
left  speech  areas,  a  difference  in  large  part  determined  by  the  exercise 
of  writing. 

We  believe,  then,  that  there  exists  in  all  normal  individuals  a 
potentiality  of  development  of  speech  centres  in  both  halves  of  the 
brain,  and  that  as  the  child  grows  and  becomes  definitely  right-handed, 
there  is  less  and  less  use  of  the  right  hemisphere  areas  for  the  purpose 
of  speech,  sensory  or  motor.  It  is  questionable  whether  this  poten- 
tiality of  development  of  these  right  hemisphere  regions  ever  entirely 
disappears.  Long  before  the  child  has  learned  to  write,  and  at  a  time 
when  the  majority  of  children  may  certainly  be  described  as  more  or 
less  ambidextrous,  he  is  receiving  auditory  and  visual  impressions 
which  there  is  little  reason  to  suppose  he  is  storing  on  one  side  more 
than  the  other.  He  hears  thousands  of  words  before  he  can  himself 
speak  ten,  yet  it  is  quite  certain  they  are  leaving  their  mark  in  his 
speech  centres.  The  famous  "Frost  King"  episode  in  the  history  of 
Helen  Keller  shows  how  the  brain  can  store  up  what  it  does  not  under- 
stand, preserve  the  stored-up  images,  and  utilize  them  years  later  as 
though  they  were  original  or  intuitional,  instead  of  ha\  ing  been  in 
reality  unconsciously  absorbed. 

Our  hope  of  improvement  in  certain  cases  of  aphasia  depends  on  the 
belief  that  the  right  cerebral  speech  centres  can  be  induced  to  take  up 
functions  hitherto  incompletely  exercised,  if  not  entirely  neglected; 
at  the  same  time  it  must  be  clearly  understood  that  the  degree  of 
possible  utilization  of  these  centres  cannot  be  accurately  foretold,  and 
that  therefore  it  would  be  unwise  in  all  cases  to  assume  the  likeli- 
hood of  their  resuscitation.  Some  individuals  are  more  right-handed 
than  others;  to  some  people  the  left  limbs  remain  peculiarly  "gauche," 
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so  that  on  the  personal  factor  in  these  eases  much  may  depend.  Speak- 
ing generally,  however,  no  case  of  aphasia  should  be  abandoned  as 
therapeutically  hopeless  without  at  least  a  serious  attempt  to  awaken 
dormant  activities  in  the  opposite  hemisphere.  If  these  facts  were 
only  better  known,  the  cultivation  of  ambidexterity  would  receive 
that  impetus  which  it  most  assuredly  deserves.^ 

Differences  in  the  Speech  Mechanism  in  Different  Individuals. — It  is 
desirable  to  bear  in  mind  that  the  description  already  given  of  the 
localization  of  the  four  main  speech  centres  in  the  left  cerebral  cortex, 
in  right-handed  people,  is  intended  to  apply  to  individuals  of  ordinary 
education  and  de\'elopment.  Certain  qualifications,  however,  must 
be  made  for  exceptional  cases. 

Thus  in  the  case  of  illiterates  it  is  evident  that  the  description  can- 
not apply  in  its  entirety.  Weber  quotes  the  instance  of  two  right- 
handed  illiterate  Russians,  who  after  a  lesion  in  the  right  hemisphere 
(involving  of  course  the  left  half  of  the  body),  entirely  lost  their  ability 
to  read,  though  they  could  still  write.  As  they  could  read  and  write 
only  to  a  limited  extent,  normally,  the  presumption  is-  strong  that  the 
speech  centres  were  bilaterally  represented,  though  not  much  developed, 
so  that  a  lesion  involving  the  right  side  of  the  cerebrum,  in  the  appro- 
priate area,  destroyed  the  function  of  reading,  such  as  it  was,  the  left 
side  being  too  feebly  developed  to  undertake  the  work.  That  their 
power  of  writing  was  not  affected  is  explained  by  its  unique  represen- 
tation in  the  left  hemisphere.  And  there  are  cases  on  record  where 
asphasia  has  not  occurred,  though  the  situation  and  size  of  the  lesion 
might  have  led  one  to  suppose  its  occurrence  probable,  presumably 
owing  to  the  illiteracy  of  the  subject  and  the  lack  of  full  development 
of  the  specialized  centres. 

Again,  it  has  been  pointed  out  in  preceding  paragraphs  how  extremely 
important  is  the  accurate  determination  of  the  right-  or  left-handed- 
ness  of  the  patient.  Apparently  anomalous  cases  of  so-called  "  crossed 
aphasia"  have  been  put  on  record,  where  though  the  patient  was  right- 
handed  a  left  hemiplegia  was  accompanied  with  aphasia;  according 
to  the  recent  researches  of  Stier  the  patients  in  these  cases  have  all 

*  In  an  article  on  the  prophylaxis  of  aphasia  (Practitioner,  August,  1909,  p.  238) 
Colcy  has  the  following  remarks: 

"I  would  suggest  that  provision  should  be  made  against  aphasia  in  cases  where, 
from  the  presence  of  granular  kidney  or  other  indications,  there  is  reason  to  expect 
hemiplegia.  My  suggestion  is  that  a  graphic  centre  should  be  made  to  develop 
in  the  right  side  of  the  brain  by  practising  writing  with  the  left  hand.  The  required 
development  of  the  right  graphic  centre  is  not  acquired  until  by  practice  the  move- 
ments of  the  left  hand  in  writing  have  become  instinctive,  as  those  of  the  right 
hand  are.  When  this  is  the  case,  there  is  good  reason  to  believe  that  no  lesion  of  the 
left  side  of  the  brain  would  deprive  the  patient  of  the  power  to  write.  And  it  is  far 
from  impossible  that  power  of  speech  would  also  be  retained,  because  of  the  close 
functional  connection  between  the  speech  centre  and  the  graphic  centre..  Education 
of  a  graphic  centre  in  the  right  side  of  the  brain  is  a  very  different  matter  from 
the  same  thing  as  a  method  of  treatment  commenced  after  hemiplegia  has  occurred." 

For  reasons  which  are  giv(m  below,  however,  it  may  be  questioned  whether  such 
a  right  graphic  centre  would  be  autonomous,  or  functionally  independent  of  the 
corresponding  centre  in  the  left  hemisphere. 
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been  p()teiitijilly  left-handed,  but  have  been  educated  to  use  the  right 
hand.  Tliere  is  no  case  reported  of  a  frankly  left-handed  person  ha\  ing 
had  his  speech  centres  in  tiie  left  hemisphere.^ 

Another  matter  in  regard  to  wiiich  there  are  individual  diflerences 
concerns  the  recall  of  word-images  and  the  method  by  which  the  execu- 
tive speech  centres  are  awakened  to  activity.  There  can  be  no  doubt 
that  in  the  child  the  auditory  speech  centre  is  the  fir.st  to  be  called  into 
action,  and  that  it  develops  in  advance  of  the  other  speech  centres. 
It  has  already  been  stated  that  in  the  young  child  both  auditory  centres 
probably  develop  simultaneously,  and  Bastian  believes  that  in  the 
great  majority  of  normal  people  recall  of  images  in  the  auditory  centres 
precedes  and  is  essential  to,  the  activity  of  the  motor  speech  centre. 
When,  therefore,  a  lesion  cuts  off  the  tracts  from  the  auditory  centre 
on  the  left  side  to  Broca's  centre,  or  when  these  two  centres  are  in  any 
way  separated,  it  is  possible  that  the  right  auditory  centre  takes  up 
the  burden  and  the  importance  of  this  from  the  point  of  view  of  prognosis 
will  not  escape  the  reader..  Such  persons  as  employ  their  auditory 
centres  for  the  recall  of  words  are  known  as  "auditives,"  while  in  others 
the  visual  centres  may  be  so  strongly  developed  that  the  recall  of  word- 
images  takes  place  in  these  rather  than  in  the  former;  such  individuals 
are  said  to  be  "visuals."  In  the  consideration  of  a  given  case  it  is 
always  desirable  at  least  to  attempt  to  discover  whether  the  patient 
is  in  the  habit  of  depending  on  his  auditory  or  on  his  visual  centre  for 
the  recall  of  words.  Moreover,  from  the  point  of  view  of  recovery 
from  agraphia,  much  depends  on  whether  the  patient  is  a  "visual"  or 
an  "auditive." 

The  Matter  of  Diaschisis. — It  not  infrequently  happens  that  there 
is  considerable  difficulty  in  furnishing  a  satisfactory  explanation  of 
the  relation  of  the  clinical  symptoms  of  aphasia,  in  a  given  case,  to  the 
site  of  the  lesion  as  subsequently  determined.  Sometimes  the  symptoms 
disappear  while  the  lesion  remains;  sometimes  they  persist,  although 
the  lesion  is  found  not  to  involve  speech  centres  directly;  there  is  often 
considerable  variability  in  the  symptoms  produced  by  similar  lesions 
in  different  cases,  and,  finally  there  is  sometimes  striking  dissimilarity 
in  the  degree  of  mental  impairment  presented  by  cases  where  the 
lesions  are  more  or  less  identical.  In  order  to  explain  these  and  other 
anomalies,  as  they  seem,  von  Monakow  has  enunciated  certain  princi- 
ples concerned  with  what  may  be  called  "action-at-a-distance."  To 
this  special  form  of  action  he  gives  the  name  "diaschisis,"  and  defines  it 
as  "the  temporary  suspension  of  function  which  arises  from  the  local 
interruption  or  disturbance  of  a  tract  of  fibers  which  directs  or  carries 
out  the  function  of  a  neighboring  part."  Secondary  centres,  not  actually 
involved  in  the  lesion,  may  not  be  stimulated  from  the  destroyed  centre, 
hence  ensue  certain  impairments  of  function  attributable  to  defects 
in  regions  which  may  be  at  some  little  distance  from  the  actual  disease. 


1  Mcndcl  (Neurolog.  Ccntralbl.,  Fcbrufiry  1,  1912)  has  reported  a  case,  mth 
autopsy,  of  what  is  apparently  right-braincdncss  in  a  right-handed  individual. 
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It  is  important  to  note  that  von  Monakow  especially  distinguishes  these 
results  of  "  diaschisis"  from  those  due  to  accompanying  phenomena  of 
a  circulatory,  mechanical,  toxic,  or  other  type.  As  Bruce  says:  "If  in 
spite  of  great  extent  of  original  lesion  there  is  more  or  less  complete 
reco\'ery  of  speech,  this  depends  not  on  vicarious  intervention  or  educa- 
tion of  corresponding  convolutions  of  the  other  side,  or  any  other  part 
of  the  cortex,  but  from  a  retrogression  of  the  original  diaschisis.  The 
conception  shows  that  for  the  mechanism  of  speech  much  more  extensive 
cortical  areas  are  involved  than  has  hitherto  been  assumed,  but  that 
the  speech  function  can  be  easily  affected  by  injury  to  certain  sharply 
localized  groups  of  bundles  and  cortical  areas  by  diaschisis."  Whether 
the  conception,  thus  briefly  sketched,  can  be  called  on  to  explain  all 
anomalous  symptoms  in  aphasic  cases,  is  nevertheless  debatable,  but 
it  is  desirable  that  the  reader  should  appreciate  the  possibility  of 
diaschisis  having  been  at  work  where  an  originally  extensive  aphasic 
defect  clears  up,  to  leave  a  small  persisting  residuum. 

PROGNOSIS  IN  APHASIA 

It  is  a  difficult  matter  to  say  in  any  given  case  of  aphasia  what  the 
outlook  really  is.  Some  originally  severe  cases  clear  up  to  an  un- 
expected degree,  others,  slight  from  the  beginning,  remain  uninfluenced. 
The  complexity  of  the  implicating  factors  is  frequently  considerable, 
yet  none  of  them  can  be  ignored  in  estimating  prognosis.  Certain 
considerations,  however,  will  guide  the  physician  in  this  connection. 

Age  of  Patient. — Much  will  depend  on  the  age  of  the  patient.  It 
is  generally  supposed  that  defects  of  speech  occurring  in  early  life  are 
of  less  import,  from  the  prognostic  point  of  view,  than  if  they  occurred 
late  in  life,  and  this  is,  no  doubt,  true  in  the  main.  In  children  or  in 
young  adults  whose  speech  centres  have  developed  and  been  in  func- 
tional activity  before  the  onset  of  the  disease  producing  aphasia  it  may 
be  said  that  the  outlook  is  good.  I  have  seen  aphasia  well  recovered 
from  in  the  case  of  a  girl,  aged  seventeen  years,  with  right  hemiplegia 
secondary  to  rheumatic  endocarditis.  On  the  other  hand,  a  case 
has  come  under  my  notice  of  a  child,  aged  five  years,  who  has  as 
yet  made  no  detectable  commencement  of  recovery  from  a  right  hemi- 
plegia and  aphasia  of  encephalitic  origin,  some  fourteen  months  after 
the  illness;  up  to  its  onset  he  prattled  freely  like  any  other  child.  Bate- 
man  quotes  a  not  dissimilar  case  recorded  by  Duval,  where  a  little 
boy  of  five  made  absolutely  no  recovery  from  an  aphasia  produced  by 
a  traumatic  subdural  hematoma  of  the  left  frontal  region,  a  period  of 
thirteen  months  supervening  between  the  injury  and  his  accidental 
death. 

When  the  aphasia  is  a  true  congenital  aphasia,  i.  e.,  when  there  is  no 
history  of  the  youthful  patient  having  spoken  at  any  time,  it  is  pecu- 
liarly arduous  to  state  a  prognosis.  Apart  from  cases  of  idiocy  and  imbe- 
cility, which  are  not  in  question  in  this  article,  a  child  may  show  no  signs 
of  making  any  headway  in  learning  to  speak,  read,  or  write,  although 
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otherwise  he  would  be  passed  as  normal.  Sometimes  patient  and  long- 
continued  treatment  will  effect  an  im])rovement,  will  even  apparently 
develop  the  faculty  when  that  has  been  entirely  wanting.  Wyllie,  for 
instance,  quotes  the  case  of  a  boy,  aged  seven  years,  wliose  hearing  was 
almost  normal  but  who  had  no  power  of  speech.  His  general  intelli- 
gence was  below  the  average.  Exactly  the  same  means  were  adopted 
as  with  a  totally  deaf  child,  and  after  four  years'  instruction  he  was 
able  to  speak  very  distinctly,  but  with  slight  hesitation.  Sometimes, 
again,  spontaneous  recovery,  or  rather  spontaneous  awakening  of 
speech,  occurs  in  children  who  have  never  spoken  at  all,  even  up  to 
the  age  of  six  years.  Thus  Bateman  quotes  the  following  case  from 
Wigan:  "A  London  merchant  had  a  son,  aged  eight  years,  perfectly 
dumb,  and  the  family  had  abandoned  all  hope  of  his  ever  being  endowed 
with  the  gift  of  speech;  there  was  no  defect  in  the  intellect  nor  lesion 
of  any  other  faculty.  In  a  water  party  on  the  Thames  the  father  fell 
overboard,  when  the  dumb  boy  called  out  aloud,  'Oh,  save  him!  save 
him!'  and  from  that  moment  he  spoke  with  almost  as  much  ease  as  his 
brothers."  Bastian,  too,  narrates  an  equally  striking  case  which  came 
under  his  own  observation.  A  child,  aged  five  years,  who  had  sufl'ered 
from  fits  in  infancy  had  never  spoken  a  single  word  until  one  day,  on  the 
occasion  of  an  accident  happening  to  one  of  his  favorite  toys,  he  suddenly 
exclaimed,  "What  a  pity!"  though  he  had  never  previously  uttered 
an  articulate  sound.  The  same  words  could  not  be  repeated,  nor  were 
others  spoken,  notwithstanding  all  entreaties,  for  a  period  of  two  weeks. 
After  that  time,  however,  rapid  improvement  took  place  and  the  child 
soon  became  quite  loquacious. 

No  doubt  instances  such  as  these  are  somewhat  dramatic  and  will 
always  perhaps  remain  infrequent.  When  it  is  remembered  however, 
how  patience  and  educational  skill  combined  to  triumph  over  almost 
insuperable  difficulties  in  the  way  of  the  acquisition  of  speech,  as  in 
the  cases  of  Laura  Bridgman,  Helen  Keller,  and  others,  one  hesitates 
to  condemn  any  child,  however  backward  in  talking  (provided  he  is 
not  demented  or  idiotic)  to  life-long  speechlessness.  Due  reference 
to  methods  will  be  made  subsequently. 

When  we  come  to  adults,  on  the  other  hand,  the  prognosis  is,  of 
course  not  so  good.  Adult  acquired  aphasia  may  never  be  recovered 
from.  Every  practising  neurologist  must  have  had  experience  of  cases 
of  motor  aphasia  in  which  no  improvement  ever  occurs.  We  shall  see, 
however,  in  subsequent  paragraphs  how  desirable  it  is  not  to  rest 
resignedly  contented  with  such  a  state  of  affairs  when  cases  have  been 
put  on  record  of  considerable  amelioration  under  suitable  treatment. 

Again,  it  may  happen  that  even  although  the  patient  is  well  up  in 
years  spontaneous  improvement  may  set  in.  Bastian,  for  instance, 
quotes  a  case  published  as  long  ago  as  18G5  by  Banks,  where  a  gentle- 
man, aged  fifty-four  years,  after  six  years  of  motor  aphasia,  gradually 
improved,  acquiring  new  words  and  finally  being  able  to  converse  on 
ordinary  subjects.  As  a  general  rule,  the  longer  the  interval  between 
the  ictus  and  the  reawakening  of  speech  the  less  likely  is  speech  to  be 
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abundant.  It  is  in  tlie  cases  where  the  patient  is  able  to  articuhite 
some  words  again  within,  sa}^  some  weeks  of  the  onset  that  the 
physician  may  venture  to  give  an  encouraging  prognosis. 

Severity  of  the  Attack. — Much,  further,  depends  on  the  severity  of 
the  attack  of  aphasia.  In  this  coiniection  it  is  noteworthy  that  there 
is  a  large  chiss  of  cases  where  the  aphasia  may  fairly  be  described  as 
transient,  and  in  these,  naturally,  the  prognosis  is  good.  Temporary 
disability  in  speaking — and  it  should  be  clearly  understood  that  although 
reference  is  here  made  chiefly  to  defects  on  the  motor  side  the  con- 
clusions hold  good  for  sensory  aphasia  also — is  met  with  under  varying 
conditions.  It  occurs  after  certain  attacks  of  Jacksonian  epilepsy,  in 
migraine,  in  what  seems  to  be  spasm  of  cerebral  vessels,  in  incomplete 
thrombosis  or  in  endarteritis  obliterans,  in  arteriosclerosis,  in  certain 
toxic  conditions,  in  various  toxi-infective  diseases,  and  of  course  in 
hysteria  and  insanity,  to  which  reference  is  not  here  made.  The  physi- 
cian may  find  it  difficult  to  realize  how  easily  cerebral  speech  mechan- 
isms may  be  disturbed  by  transient  influences.  A  case  that  came  under 
my  own  notice  when  I  was  Resident  Medical  Officer  to  the  National 
Hospital,  Queen  Square,  London,  impressed  me  considerably  at  the 
time.  A  woman  with  a  left  Rolandic  tumor  was  successfully  operated 
on,  and  made  a  good  recovery  as  far  as  motor  speech  was  concerned, 
being  able  to  talk  with  comparative  readiness  some  three  weeks  after 
the  operation.  As  there  was  very  slight  leakage  from  a  corner  of  the 
scalp  wound  I  put  in  two  single  stitches,  closing  the  minute  orifice. 
For  forty-eight  hours  thereafter  the  patient  was  completely  aphasic, 
presumably  because  of  alteration  in  the  tension  of  cerebrospinal  fluid 
as  a  result  of  the  closure  of  the  wound.  If  so  trifling  a  circumstance 
could  interfere  with  the  function  of  the  cortex  to  the  extent  it  did,  it 
can  well  be  understood  how  transient  aphasia  may  result  from  passing 
ischemia,  claudication,  arterial  spasm,  and  so  on,  and  it  is  indeed  con- 
ceivable that  the  aphasia  sometimes  associated  with  profound  emotion 
may  rest  on  a  basis  a  little  more  material  than  that  of  mere  psychical 
disturbance. 

In  all  such  cases,  the  prognosis  is  satisfactory  enough.  Be  the  dura- 
tion of  the  aphasia  what  it  may,  within  limits,  one  may  still  be  con- 
fident that  recovery  will  ensue.  Of  course,  it  behooves  the  physician 
to  make  an  exhaustive  examination  of  the  patient,  for  not  otherwise 
can  an  accurate  diagnosis  be  reached.  It  would  be  unfortunate  if 
imperfect  examination  should  lead  to  a  confident  prognosis  in  transient 
aphasia  occurring,  say,  as  one  of  the  symptoms  of  the  congestive  attacks 
of  general  paralysis.  Focal  symptoms  in  that  disease  are  far  from 
uncommon,  and  occasionally  temporary  aphasia  may  be  noted-  when 
the  more  usual  somatic  signs  of  general  paralysis  are  still  incompletely 
developed.  It  should  not  be  necessary,  either,  to  warn  the  reader  of 
the  possible  contingency  of  transient  aphasia  from  cerebral  vascular 
disease  establishing  itself  definitely  when  an  ictus  occurs.  As  a  rule, 
however,  it  should  not  be  difficult  to  reach  a  diagnosis  with  that  degree 
of  accuracy  which  will  obviate  mistakes  of  this  kind. 
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When  an  aphasia  is  definitely  establislied  in  a  patient  who  is  of 
niiddk^  age  or  beyond,  severe  in  degree,  and  apparently  stationary, 
prognosis  slionld  always  be  gnarded.  Certain  considerations  will  guide 
us  in  this  connection,  although  they  are  of  the  most  general  description 
and  must  not  be  held  to  be  absolute  in  their  value. 

(a)  If  there  is  little  or  no  indication  of  generalized  cardiac,  arterial, 
or  renal  disease  the  outlook  is  better  than  where  there  are  degenerative 
changes  in  these  systems. 

(6)  If  the  aphasia  is  uncomplicated  by  any  paralytic  symptom  the 
chances  of  functional  restoration  are  better  than  if  there  is  marked 
hemiplegia.  While  this  is  a  fairly  good  general  rule  there  are,  needless 
to  say,  discouraging  exceptions.  The  most  remarkable  case  of  sensory 
aphasia  that  has  ever  come  under  my  notice  was  unaccompanied  by 
any  paralytic  phenomena,  but  no  recovery  was  effected.  Palsies  are 
simply  an  index  of  the  widespread  nature  of  the  lesion,  and,  other  things 
being  equal,  the  larger  the  lesion  the  less  likely  is  marked  improvement. 

(c)  Bateman  holds  that  the  prognosis  is  more  favorable  when  loss  of 
speech  depends  upon  direct  injury  to  the  brain,  but  I  have  not  been 
able  to  convince  myself  of  the  truth  of  this.  Thus  in  a  case  where 
hemiplegia  and  aphasia  resulted  from  an  iron  lid  falling  on  the  patient's 
head  from  some  height,  operation  revealed  a  subdural  hematoma  of 
considerable  extent;  its  removal,  about  two  years  after  the  accident,  was 
not  followed  by  any  material  improvement.  There  is  a  type  of  case 
in  which  "cortical  degeneration"  (as  one  calls  it,  f aide  de  mieux)  ensues 
on  traumatic  lesions  of  the  cerebrum,  sometimes  even,  as  I  have  seen, 
from  operative  trauma,  and  under  these  circumstances  the  hope  of 
amelioration  is  reduced  to  a  minimum. 

{d)  It  is  unwise  to  deduce  anything  from  a  consideration  of  the  nature 
of  the  onset  of  the  aphasia,  i.  e.,  whether  sudden  or  slow.  Older  writers, 
such  as  Winslow,  held  that  it  was  unusual  for  sudden  speechlessness 
to  occur  without  being  immediately  followed  by  acute  cerebral  symp- 
toms. But  there  is  no  inherent  reason  wh}^  a  sudden  aphasia  should 
not  be  recovered  from  as  readily  as  a  slowly  oncoming  aphasia;  in 
fact,  the  latter  type  is  more  commonly  indicative  of  a  graver  intra- 
cranial condition  than  the  former,  viz.,  cerebral  tumor.  A  progressive 
hemiplegia  and  aphasia  is  of  more  serious  import  on  this  account, 

Bastian  has  drawn  special  attention  to  two  sets  of  considerations 
which  have  a  direct  bearing  on  the  prospects  of  recovery  from  speech 
defects.  They  are  described  respectively  as  "functional  restitution" 
and  "  functional  compensation."  By  the  former  is  meant  the  possibility 
of  the  actual  lesion  undergoing  diminution,  so  that  parts  of  the  brain 
which  have  been  damaged  may  resume  functional  activity.  More 
than  one  indirect  allusion  has  already  been  made  to  this  matter.  The 
establishment  of  collateral  circulation  on  the  confines  of  a  thrombosed 
area  may  lead  to  the  disappearance  of  some  at  least  of  the  symptoms. 
Absorption  of  products  of  inflammation  or  disintegration  may  be 
folloAved  by  a  degree  of  functional  restitution.  Removal  of  ]3ressure 
may  also  have  a  beneficial  result.    In  a  word,  where  there  is  inter- 
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ference  ^vith,  rather  than  destruction  of,  neuronic  activity,  restoration 
of  function  is  always  possible  if  the  obstructing  agent  be  remo^'ed. 

By  functional  compensation  is  meant  the  development  of  auxiliary 
speech  mechanisms  in  undamaged  parts  of  the  hemispheres,  usually, 
presumably,  in  the  corresponding  areas  of  the  right  hemisphere. 
Reference  has  already  been  made  to  this  question  of  compensation. 
There  can  be  no  doubt  of  the  reality  of  this  method  of  recovery  in  cer- 
tain instances,  but,  as  Bastian  truly  observes,  "  the  difficulties  in  arriv- 
ing at  a  conclusion  as  to  the  relative  degrees  of  curability  of  the  differ- 
ent forms  of  speech  defect  by  a  process  of  functional  compensation 
are  extreme,"  due  in  part  to  the  impossibility  of  estimating  the  value 
of  the  personal  factor  in  any  given  case,  in  part  to  uncertainty  as  to 
the  plasticity  or  otherwdse  of  the  individual's  nervous  tissues,  and  so 
on.  Anyone  who  is  familiar  with  the  literature  of  the  result  obtained 
in  the  treatment  of  aphasia  wdll  have  had  this  fact  impressed  on  him, 
that  some  cases  do  unexpectedly  well,  while  others  make  no  advance 
in  spite  of  every  stimulus  and  allurement. 

THE  TREATMENT  OF  APHASIA 

In  every  case  of  aphasia,  treatment  must  be  prosecuted  along  tw^o 
lines,  viz.,  the  treatment  of  the  morbid  process  underlying  the  phe- 
nomena, and  the  treatment  of  the  symptomatic  condition  once  it  is 
established  and  more  or  less  stationary.  These  lines  of  therapeutic 
endeavor  must  be  kept  apart,  in  the  physician's  mind,  and  handled 
separately  in  an  article  such  as  the  present. 

Treatment  Directed  to  the  Underlying  Morbid  Process. — The 
commonest  causes  of  aphasia  are  embolism,  hemorrhage,  thrombosis, 
inflammations,  and  tumors,  and  these  may  be  considered  in  turn. 

Embolism. — It  is  unnecessary  to  dilate  on  the  diagnosis  of  cerebral 
embolism  in  this  place,  and  the  reader  is  referred  elsewhere  for  a  full 
discussion  of  its  treatment.  The  following  remarks,  therefore,  will 
be  very  brief  and  general  in  character.  The  patient  should  be  kept 
absolutely  at  rest,  and  if  he  is  unconscious  the  condition  of  the  bladder 
and  rectum  must  always  receive  attention.  Careful  feeding,  with  non- 
stimulating  liquid  food,  must  be  persevered  with  till  the  return  of  con- 
sciousness. Purgation  is  always  undesirable,  for  cerebral  overdepletion 
may  aggravate  a  tendency  to  thrombosis  around  the  embolic  focus. 
As  a  rule,  stimulants  are  uncalled  for,  but  in  this  matter  each  case  must 
be  treated  on  its  own  merits.  The  after-treatment  of  the  patient  is  as 
important  as  the  early  treatment. 

Hemorrhage. — The  proviso  mentioned  above  applies  to  the  question 
of  hemorrhage  also,  and  to  the  topics  of  the  subsequent  paragraphs. 
The  main  indications  where  the  diagnosis  of  cerebral  or  intracranial 
hemorrhage  has  been  made  are  (1)  to  stop  the  hemorrhage,  and  (2) 
to  reduce  or  relieve  the  increase  in  intracranial  pressure.  The  patient 
must  be  kept  absolutely  at  rest,  the  head  and  shoulders  slightly  raised, 
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and  the  head  turned  to  one  side.  Certain  druf^s  iiave  been  vaunted 
as  tending;  to  inerease  the  coaguhd)ihty  of  tlie  Ijlood,  in  particular  the 
calcium  salts,  but  their  efficacy  is  doubtl'ul.  Arterial  pressure  can  be 
lowered  by  venesection,  or  by  purgation,  and  for  a  consideration  of  the 
subject  the  reader  is  referred  to  another  article.  Once  the  acute  stage 
is  over,  and  the  risk  of  further  hemorrhage  diminished,  the  patient 
will  still  require  unremitting  attention  for  some  time.  Rest  and  tran- 
quility are  always  indicated;  excitement  and  exertion  must  be  studiously 
avoided.  Non-stimulating  diet  must  be  ordered,  erring  always  on  the 
side  of  administering  too  little.  The  blood  pressure  may  be  used  as 
a  gauge  to  the  patient's  condition.  No  reference  is  made  here  to  the 
important  question  of  surgical  interference  in  intracranial  hemor- 
rhage. 

Thrombosis. — The  physician  will  direct  his  efforts  toward  lessening 
the  coagulability  of  the  blood  and  preventing  the  extension  of  the 
thrombotic  process.  For  this  purpose  the  alkaline  citrates  or  citric 
acid  may  be  exhibited  with  advantage.  In  addition,  a  certain  amount 
of  circulatory  stimulation  is  desirable,  its  object  being  to  increase  blood 
flow  in  smaller  vessels,  thus  limiting,  as  far  as  may  be,  the  thrombotic 
process  and  its  results,  and  at  the  same  time  to  minimize  the  possibility 
of  further  thrombosis.  For  this  purpose  strychnine,  digitalis,  etc., 
may  be  recommended.  Anything  which  tends  to  lower  the  blood 
pressure  or  lessen  the  heart's  force  must  be  avoided.  Hence  active 
purgation  is  uncalled  for,  if  not  absolutely  contraindicated.  It  is 
established  that  iodide  of  potassium  is  worse  than  useless  except  in 
frankly  syphilitic  cases;  and  in  the  latter  even  its  use  is  often  barren 
of  result.  It  should  never  be  given  except  with,  or  after,  a  thorough 
course  of  mercury,  and  it  should  be  coupled  with  suitable  cardiac 
stimulants. 

Once  the  immediate  danger  of  thrombotic  extension  is  over,  the 
patient's  life  must  be  assiduously  ordered  by  the  physician,  according 
as  the  morbid  agent  is  syphilis,  arteriosclerosis,  and  so  on. 

Inflammations. — Encephalitic  or  meningo-encephalitic  processes,  acute 
or  subacute  in  type,  are  treated  on  the  lines  of  infective  conditions  in 
general.  Where  the  disease  is  febrile  in  character,  rest  in  bed,  continued 
for  a  week  or  more  after  the  cessation  of  the  fever,  is  essential.  Any 
simple  aperient  should  be  used  regularly.  A  liquid  diet  is  desirable, 
and  small  doses  of  the  tincture  of  aconite,  or  of  salicin  or  salol,  may  be 
administered.  Urotropin  may  be  given  empirically.  It  is  questionable 
whether  counterirritation  over  the  nape  of  the  neck  or  behind  the  ears 
is  of  any  efficacy.  Sometimes  repeated  lumbar  puncture  may  be  of 
value.  Once  the  acute  stage  is  over  treatment  must  be  pursued  on 
general  lines,  and  as  the  patient  is  often  rather  prostrated,  due  regard 
must  be  had  to  the  matter  of  stimulation. 

Tumors. — The  medical  treatment  of  intracranial  tumors  is  practically 
valueless.  Even  in  frankly  syphilitic  or  gummatous  cases  treatment 
with  antisyphilitic  remedies  is  not  infrequently  unaccompanied  by 
any  alleviation.   One  must  therefore  look  to  the  surgeon  for  assistance, 
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but  any  further  discussion  of  this  topic  is  out  of  place  in  the  present 
article. 

Reference  has  already  been  mad'e  to  the  occurrence  of  transient 
attacks  of  aphasia,  more  particularly  in  the  subjects  of  cerebral  vascular 
disease,  attacks  wiiich  are  usually  indicative  of  temporary  meiopragia 
and  may  be  regarded  as  a  danger  signal  of  the  possibility  of  such 
lesions  as  have  just  been  described.  Patients  who  have  already 
developed  a  cerebral  hemiplegia  frequently  suffer  from  epileptic  attacks 
in  which  aphasia  from  exhaustion  of  the  corresponding  centres  may  be 
one  of  the  symptoms.  In  the  former  case  treatment  must  be  pursued 
by  the  adoption  of  measures  that  have  been  already  sketched.  In  the 
latter  case,  suitable  administration  of  sedatives  will  usually  suffice. 
Sodium  bromide,  given  at  night,  is  often  all  that  is  required.  Similarly, 
an  aphasia  may  be  recovered  from,  but  reappear  as  an  exhaustion 
phenomenon  after  cerebral  discharges,  and  the  same  treatment  is  here 
applicable.  Occasionally,  also,  it  may  be  difficult  in  a  given  case  to 
distinguish  between  a  transient  aphasia  from  an  epileptiform  discharge, 
and  a  fresh  attack  from  a  recurrent  thrombosis;  but  if  treatment  be 
directed  both  to  the  epileps}-  and  to  the  thrombosis,  it  will  be  greatly 
to  the  patient's  benefit. 

Treatment  Directed  to  the  Restoration  of  Speech  by  Functional 
Compensation. — This  is  one  of  the  most  important  parts  of  our  subject, 
and  it  is  also  one  on  which  opinion  is  to  a  great  measure  divided.  A 
number  of  cases  have  been  put  on  record  where  the  organs  of  speech, 
were  reeducated  de  novo,  with  surprisingly  good  results,  but  not  a  few 
writers  on  the  subject  remain  unconvinced.  Niessl  von  Mayendorf,  for 
instance,  says:^  "Wenn  nach  einem  Vierteljahr  noch  keine  sprach- 
lichen  Rudimente  produziert  werden,  muss  man  mit  Wahrschein- 
lichkeit  unheilbare  Stummheit  befiirchten."  And  again  "Diese 
Behauptung  allerdings  steht  im  Widerspruch  mit  den  Erfahrungen 
Gutzmanns,  welcher  selbst  nach  jahrelangem  Bestehen  der  motor- 
ischen  Aphasie  durch  seine  Methode  Besserungen  erziehlt  hat.  Ich 
will  diese  Erfolge  durchaus  nicht  in  Frage  stellen,  mochte  nur  betonen 
dass  Falle  mit  jahrelanger  persistierender  motorischer  Aphasie  ohne 
alle  Ruckbildungsvorgange  jedenfalls  zu  den  schweren,  prognostisch 
ungiinstigen,  und  Besserungen,  oder  sogar  Heilungen  zu  den  grossten 
Seltenheiten  gehoren."  From  which  it  may  with  fairness  be  implied, 
I  think,  that  Niessl  von  Mayendorf  does  not  think  these  methods  very 
promising,  or  their  application  worth  while.  Andre  Thomas,  on  the 
other  hand,  speaks  much  more  hopefully.  Applying  in  a  case  of  motor 
aphasia  methods  more  or  less  analogous  to  those  of  Gutzmann  with 

'  Whon  after  three  months  still  no  rudiments  of  speech  can  be  produced,  one 
must  fear  in  all  probability  an  irrecoverable  aphasia. — Ed. 

^  This  a.ssertion  certainly  stands  in  contradiction  to  the  experience  of  Gutzmann, 
who  has  obtained  improvement  by  his  method  in  motor  aphasia  of  several  years' 
duration.  I  will  not  bring  these  results  in  question,  but  would  like  only  to  note 
that  cases  of  motor  aphasia  persisting  for  years  without  deterioration  be-long  at 
all  events  to  the  severe  cases  of  unfavorable  prognosis,  and  improvement  or  recovery 
18  very  rare. — Ed. 
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a  considerable  degree  of  success,  he  remarks:'  "Sous  Finfluence  de  la 
reeducation,  la  ])arole  est  revenue  en  grande  partie,  les  mots  sent 
correctement  articules,  chaque  syllabe  est  hien  detacliec,  aussi  bien  dans 
la  parole  spontanee  que  dans  la  lecture  a  haute  voix.  En  jjresence  de 
pareils  resultats  obtenus  dans  un  cas  d'aphasle  motrice  corticale  datant 
de  cinq  ans,  il  y  a  lieu  de  penser  que  le  meme  traitement  applique  des 
les  premiers  mois,  chez  les  malades  atteints  d'aphasie  motrice  corticale, 
est  suffisamment  indique."  And  there  are  other  observers  whose 
experience  is  sufficiently  encouraging  to  warrant  the  assertion  that  the 
physician  of  today  ought  not  to  relinquish  hope  until  such  methods 
have  been  at  least  essayed. 

One  or  two  instances  of  improvement  or  success  by  this  means  may 
briefly  be  quoted. 

Bristowe  records  the  case  of  a  man,  aged  thirty-six  years,  who  after  a 
series  of  epileptic  fits  became  entirely  aphasic,  and  at  the  end  of  seven 
months  he  was  still  unable  to  utter  a  single  articulate  sound.  He  under- 
stood all  that  was  said  to  him,  and  had  no  word-blindness;  he  was  also 
able  to  conduct  a  conversation  by  waiting.  As  he  was  able  to  perform  all 
ordinary  movements  of  the  lips,  tongue,  jaws,  etc.,  and  was  also  capable 
of  vocal  intonation,  Bristowe  concluded  that  this  inability  to  speak 
was  probably  due  to  his  having  forgotten  how  to  combine  automatically 
the  movements  of  these  organs.  "He  informed  the  patient  of  his 
views  of  his  case,  which  the  latter  appeared  to  understand  perfectly. 
He  explained  to  him  that  ordinary  vocal  sounds  are  composed  of  two 
factors,  namely,  laryngeal  intonation,  which  he  was  still  able  to  produce; 
and  articulation  effected  by  the  lips,  tongue,  and  associated  parts,  of 
which  he  was  as  yet  incapable.  He  then  got  him  to  sound  a  laryngeal 
note,  subsequently  explaining  to  him  and  showing  him  how  to  modify 
the  shape  and  size  of  the  oral  passage  and  aperture;  and  getting  him 
at  the  same  time  to  expire,  either  with  or  without  laryngeal  intonation, 
he  made  him  sound,  both  in  a  whisper  and  in  a  loud  voice,  certain  of 
the  more  simple  and  obvious  vowel  sounds. 

At  his  next  lesson  he  set  to  work  to  teach  him  the  labials,  and  he 
subsequently  taught  him  by  the  same  process  the  lingual  and  guttural 
consonantal  sounds;  and  thus,  in  the  course  of  four  or  five  lessons, 
principally  by  making  the  patient  watch  the  movements  of  his  [Dr. 
Bristowe's]  lips,  he  regained  the  power  of  articulating  all  the  simple 
vowel  and  consonantal  sounds.  He  then  began  to  teach  him  to  combine 
letters,  and  eventually  succeeded  in  making  him  talk  well,  although 
he  spoke  somewhat  slowly  and  evidently  had  to  give  more  thought 
to  the  pronunciation  of  his  words  than  healthy  people  ordinarily  do." 

Dr.  IBristowe  adds:  "The  lessons  which  I  gave  him  were,  as  I  have 

'  Under  the  influence  of  reeducation  speech  returns  in  large  part,  the  words  are 
correctly  articulated,  each  syllable  is  well  detached,  as  well  in  spontaneous  speech 
as  in  reading.  In  the  presence  of  parallel  results  obtained  in  a  case  of  cortical 
motor  aphasia  of  five  years'  duration  there  is  reason  to  think  that  the  same 
treatment  applied  in  the  first  months  in  cases  of  cortical  motor  aphasia  is  sufficiently 
indicated. — Ed. 
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shown,  few  and  short.  But  he  himself,  as  soon  as  ever  he  had  appre- 
ciated the  fact  that  he  had  organs  capable  of  evolving  articulate  sounds, 
supplemented  my  instruction  with  th6  most  zealous  practice.  Thus  the 
vowels  and  consonantal  sounds  which  he  uttered  somewhat  imper- 
fectly during  a  lesson  were  learnt  accurately  b}'  my  next  visit;  and  as 
soon  as  he  had  begun  to  combine  sounds,  he  practised  them  in  various 
combinations  with  great  industry;  the  sister  of  the  ward  and  nurses, 
and  more  especially  three  or  four  intelligent  patients  who  were  friendly 
with  him  and  interested  in  his  progress,  giving  him  constant  assistance." 

This  case,  no  doubt,  was  singularly  uncomplicated,  and  the  aphasic 
defect  was  definitely  limited,  nevertheless  there  can  be  no  doubt  that 
reeducation  as  a  therapeutic  measure  was  thoroughly  justified  by  the 
event. 

In  commenting  on  the  case,  Bastian,  who  also  quotes  it,  remarks 
that  the  method  requires  some  skill  in  the  teacher,  and  not  a  little 
enthusiasm  and  perseverance,  to  carry  it  to  a  successful  issue. 

Reference  has  been  made  to  Thomas'  paper  on  this  subject,  and  to 
the  good  results  he  obtained.   One  of  his  cases  is  the  following: 

A  woman,  aged  thirty-four  years,  with  right  hemiplegia  and  aphasia 
consequent  on  exploration  of  the  brain  for  a  supposed  cerebral  abscess, 
entered  the  Salpetriere  some  five  years  after  the  onset  of  the  condition, 
and  it  was  found  on  examination  that  she  suffered  from  complete  motor 
aphasia,  the  only  words  she  could  utter  being  "oui"  and  "non."  She 
could  not  repeat  w-ords,  and  could  not  read  aloud.  She  could  write 
only  her  name  and  her  age  with  her  left  hand,  and  w^as  not  able  to  write 
to  dictation,  but  she  could  copy.  Reeducation  w^as  commenced  by 
teaching  the  patient,  who  observed  the  movements  of  tongue  and 
lips,  to  repeat  vowels  and  simple  syllables  (association  of  a  consonant 
and  a  vowel).  A  fortnight  later  she  could  articulate  all  syllables,  and 
then  she  relearned  spelling  and  the  reading  of  simple  syllables  by  the 
same  method;  at  the  same  time  she  made  attempts  at  WTiting.  Once 
the  constituent  elements  of  w^ords  were  regained,  she  learned  to  repeat 
words  of  one  syllable,  then  of  two,  and  of  several  syllables;  she  learned 
to  read  words  in  a  syllabic  fashion,  and  to  repeat  syllables  composed 
of  two  consonants  and  a  vowel.  Reeducation  ceased  at  the  end  of 
six  weeks,  and  the  patient  was  left  to  herself.  After  a  year,  she  w^as 
able  to  reply  to  any  sort  of  question,  using  words  correctly  articulated 
and  without  hesitation;  she  could  not  compose  sentences,  but  she  could 
make  herself  understood.  She  could  repeat  short  phrases  quite  well, 
but  long  sentences  were  repeated  only  in  part.  She  read  aloud  correctly 
articulating  each  syllable  distinctly.  Her  understanding  of  what  she 
read  was  much  improved,  but  the  power  of  writing  spontaneously 
and  to  dictation  had  not  altered  much;  she  had  not,  however,  made 
many  attempts  in  that  direction. 

A  case  published  by  Wyllie  may  also  be  briefly  referred  to.  It  was 
one  of  motor  aphasia  without  agraphia,  and  the  reeducation  is  described 
as  follows:  "We  did  not  trouble  the  patient  with  the  names  of  the 
letters,  but  taught  him  from  the  beginning  the  letter  sounds  of  the 
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physiological  alpliahet.  In  doing  so,  we  adopted  what  may  be  called 
the  "mother's  method."  Beginning  with  the  labials,  we  taught  him 
to  say  papa,  apap,  aj^pa,  thus  giving  him  the  consonant  p  as  an  initial 
a  terminal,  and  a  mid  letter.  Then  we  taught  ';im  to  say  baba,  abah' 
abba;  then  mama,  amam,  amma,  and  so  on  throughtout  the  aljiliabet' 
He  was  shown  by  lip  reading  how  to  place  the  lips,  tongue,  etc.,  for  the 
pronunciation  of  each  letter  sound.  Being  an  intelligent  and  diligent 
pupil,  he  soon  was  able  to  go  over  the  whole  of  the  letter  sounds  in 
this  triple  fashion,  from  one  end  of  the  alphabet  to  the  other,  by  heart, 
without  looking  at  the  paper.  We  then  supplied  him  with  the  children's 
books  known  as  he  Little  Primer,  and  the  Little  Reader,  and  so 
on,"  etc. 

In  this  case  the  ultimate  result  was  verj^  good. 

Similar  or  analogous  cases  have  been  published  by  Hun,  Schmidt, 
Bateman,  Mills,  Goldscheider,  Gutzmann,  etc. 

It  will  be  recognized,  then,  that  the  evidence  favorable  to  the  reedu- 
cation method  is  ample  enough  to  render  its  comparative  neglect  by 
the  profession  rather  inexplicable.  Naturally,  in  order  that  it  may  be 
prosecuted  to  a  successful  issue,  the  combination  of  a  suitable  case, 
a  diligent  pupil,  and  an  enthusiastic  and  patient  teacher  is  almost  a 
sine  qua  non,  and  doubtless  such  a  combination  is  not  always  to  be 
found.  Yet  even  a  modicum  of  success  is  worth  striving  for,  and  it 
may  be  hoped  that  henceforward  the  phj^sician  will  address  himself  to 
the  task  with  greater  devotion  and  assiduity. 

In  all  cases  the  method  of  reeducation  is  essentially  the  same,  and 
it  is  based,  as  Collier  says,  upon  the  processes  by  which  a  child  first 
learns  the  elements  of  his  speech,  the  details  being  varied  according 
to  the  nature  of  the  speech  defect  in  each  patient. 

Methods  of  Reeducation. — A  sketch  may  now  be  given  of  the  actual 
methods  in  vogue,  and  in  this  matter  the  writer  is  indebted  in  part  to 
an  excellent  paper  by  C.  K.  Mills,  on  the  treatment  of  aphasia  by 
training.    These  pedagogic  methods  may  be  classed  provisionally  as: 

1.  The  repetition  method:  The  patient  is  taught  to  repeat  words 
after  others,  and  later  spontaneous  recall  becomes  possible  as  the 
patient  improves.  It  is  associated  with  allied  methods  such  as  reading 
aloud,  copying,  and  writing  from  dictation. 

2.  Phonetic  methods,  such  as  the  method  of  the  physiological  alpha- 
bet suggested  by  Wyllie,  and  the  use  of  phonetic  readers. 

3.  The  lip-reading  method:  the  patient  learns  to  imitate  the  move- 
ments of  articulation,  enunciation,  and  vocalization  either  from  observ- 
ing the  lips  and  tongue  of  others,  or  by  observing  himself  in  a  mirror. 

4.  Various  special  methods,  e.  g.,  that  of  Goldscheider,  to  be  referred 
to  later,  in  which  the  patient  is  trained  to  repeat  meaningless  syllables. 

Repetition  Method. — Mills'  own  application  of  the  repetition  method 
is  after  the  following  style:  Repetition  of  letters,  words,  phrases,  and 
sentences,  recognized  by  the  patient  in  reading  or  repeated  by  him 
after  others;  repetition  of  names  of  objects  seen  by  him,  or  the  naming 
spontaneously  of  such  objects  either  seen  or  made  known  to  him  through 
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his  other  senses,  c.  g.,  by  touch;  repetition  of  writing,  either  copying, 
or  spontaneously,  or  from  dictation. 

Dana's  repetition  methods  are  here  quoted  in  extenso: 
(a)  "Repeat  five  exclamatory  words,  such  as  'ah,'  *oh,'  or  other 
exclamations  expressing  joy,  anger,  or  other  emotion.  Repeat  after 
teacher  ten  monosyllabic  nouns  or  pronouns.  Repeat  ten  polysyllabic 
nouns.  Repeat  ten  verbs.  Each  time  a  noun  is  named,  let  the  patient 
see  the  object,  feel  it,  and  see  the  written  or  printed  name  on  a  piece 
of  paper  before  him,  thus  stimulating  visual,  auditory,  and  tactile 
memories  at  the  same  time. 

(6)  "  Repeat  the  letters  of  the  alphabet,  these  letters  being  held  in 
front  of  him.  Repeat  letters  of  the  alphabet  after  writing  and  looking 
at  each  one.  Repeat  the  numerals  from  one  to  twenty.  Repeat  them 
while  looking  at  the  figures.   Write  and  repeat  the  figures. 

(c)  "  Repeat  ten  simple  qualifying  adjectives,  such  as  white,  black, 
red,  smooth,  soft,  rough.  At  the  same  time,  let  him  see  the  object 
and  color,  or  feel  the  same. 

(d)  "Later,  let  him  try  to  repeat  sentences  of  three  words  in  which 
the  noun  is  joined  to  the  adjective,  e.  g.,  'book  is  red,'  'box  is  white,' 
etc. 

(e)  "  If  the  patient  has  any  musical  capacity,  sit  him  at  a  piano  and 
hum  the  notes  of  the  piano,  going  through  an  octave,  and  then  let  him 
try  to  hum  a  tune,  striking  a  note  at  the  same  time.  Finally  teach 
him  to  sing  the  tune  through,  and  then  introduce  the  possible  words. 
Some  patients  can  sing  before  they  can  talk. 

(J)  "Copy  sentences  made  up  of  the  words  he  is  being  taught.  Let 
him  have  an  ordinary  copybook  and  have  the  copy  at  the  top  of  the 
page.  Let  him  fill  a  page  every  day,  trying  at  the  same  time  to  pro- 
nounce the  words  as  he  writes  them.  Have  him  copy  first  the  familiar 
nouns,  and  then  the  simpler  verbs,  then  the  simple  adjectives;  finally, 
let  him  copy  sentences.  Take  a  small  vocabulary  and  repeat  from  this, 
not  trying  to  enlarge  too  soon. 

(g)  "Write  the  letters  of  the  alphabet  and  as  the  patient  writes 
them  get  him  to  try  to  repeat  them.  Do  this  without  a  copy,  if  possible. 
Then  let  him  write  words  to  dictation,  using  the  same  vocabulary  above 
referred  to.  Finally,  let  him  try  to  write  short  sentences  to  dictation, 
then  try  to  read  them  after  he  has  written  them,  with  assistance  at 
first,  then  without. 

(A)  "Write  numbers  one  to  twenty  and  say  them  out  loud  when 
written. 

(i)  "The  patient  should  allow  himself  to  be  read  to,  for  a  short  time, 
twice  a  day,  and  he  should  also  trv  to  read  a  quarter  of  a  page  every 
day." 

Phonetic  Methods. — Wyllie's  Method. — Of  phonetic  methods,  prop- 
erly so-called,  Wyllie's  is  probably  the  best  known.  Apropos  of  the 
case  cited  above  (page  491)  Wyllie  says:  "In  training  a  patient  with 
motor  aphasia  to  speak,  it  is  often  of  advantage  to  him  to  pronounce 
simple  words  in  his  hearing  and  ask  him  to  repeat  them.    It  is  largely 
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by  practice  in  such  repetition  of  words  hccard  that  the  patient,  in  so 
many  cases,  reacquires  the  power  of  speecli.  But  I  think  the  process 
may  be  expedited  if  it  is  conducted  on  scientific  principles.  It  should 
be  remembered  that  the  patient  has  lost  the  povvcr  of  uttering  even 
the  simple  letter-sounds.  If  he  can  be  got  to  master  the  letter-sounds 
in  the  first  instance,  it  will  be  more  possible  for  him,  afterward,  to 
produce  their  combinations  in  the  form  of  words."  For  this  purpose 
Wyllie  has  invented  a  physiological  alphabet,  which  is  here  reproduced. 
In  using  it  the  patient  is  taught  the  letter-sounds  of  each  vowel  and 
consonant  (into  nearly  all  the  consonants  a  vocal  element  enters). 
An  illustration  of  its  use  will  be  found  in  Wyllie's  own  case  of  motor 
aphasia,  already  quoted. 


Wyllie's  Physiological  Alphabet 

Illuslralive  Sentences 


I.  VOWELS 

V — i  e  a  o  u — w 

These  should  be  pronounced  in  the 
Latin  manner,  as  ee,  eh,  ah,  oh,  oo;  y  and 
IV  are  consonants,  not  vowels,  but  they 
have  veiy  close  relationships  to  the 
vowels,  initial  y  being  very  closely  re- 
lated to  i,  and  initial  w  to  ic. 


II.  CONSONANTS 


I.  VOWELS 

Even  ancient  elves  are  awed  over 
oozing. 

This  sentence  represents  only  long 
vowels.  Their  short  equivalents  can 
be  represented  by  attaching  the  letter 
t  to  each  vowel,  thus: 

66t,  it,  et,  at,  ut,  ot,  66t. 

II.  CONSONANTS 


Voiceless 
oral 


Voiced  oral  Voiced  nasal 


consonants,  consonants. 


Labials  

(First  stop  position) 

Labiodentals 

Linguodentals 

Anterior  linguopalatals 

(Second  stop  position)  . 
Posterior  linguopalatals 

(Third  stop  position) 


p 

B 

(W) 

W 

F 

V 

Thi 

Th2 

S 

Z 

Sh 

Zh 

T 

D 

(L) 

L 

R 

K 

G 

H 

or 

Y 

Ch 

(R) 

rcsonants. 

M 


N 


Ng 


Peter  Brown  made  w/iite 
wax. 

Fine  villages. 

Thinkest  thou  so,  zealot? 


She  leisurely  took  down 
nine  large  roses. 


Can  Gilbert  bri».7  Loc/i 
Houm  youths? 


The  voiceless  W  and  the  voiceless  L  have  been  given  above  within  )racket.s,  the 
former  being  now  almost  confined  to  Scotland,  and  the  latter  being  peculiar  to  \\  ales. 
The  burring  or  uvular  R  is  also  given  within  brackets. 
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Lip  Reading. — The  reader  will  have  observed  that  Wyllie's  phonetic 
method  is  really  combined  with  the  third  method,  to  which  allusion 
has  been  made,  viz.,  that  of  liiJ-reading.  The  patient  is  shown  by  direct 
lip-reading  how  to  place  the  lips,  tongue,  etc.,  for  the  pronunciation 
of  each  letter-sound.  Wyllie  points  out  that  lip-reading  has  not  hitherto 
been  perhaps  so  successful  in  England  as  it  has  been  in  Germany, 
chiefly  because  the  English  language  is  not  so  well  fitted  for  this  as  the 
German.  This  depends  on  the  fact  that  in  English  the  spelling  of  the 
words  have  departed  so  widely  from  their  sounds;  spelling  is  much 
less  strictly  phonetic  in  English  than  in  the  German  language.  Never- 
theless, the  system  of  lip-reading  is  coming  more  and  more  into  vogue, 
and  as  an  adjunct  to  the  reeducation  of  aphasics  it  is  invaluable.  The 
reader  is  referred  to  special  text-books  and  articles  on  the  subject  for 
further  information. 

Goldscheider's  Methods. — Goldscheider's  methods  are  as  follows: 
The  patient  commences  with  the  simplest  vowels  and  the  explosives, 
and  articulates  Pa,  Pe,  Po,  then  Ba,  Be,  Bo,  and  so  on.  Then  the  con- 
sonants N,  F,  W,  etc.,  are  utilized  in  the  same  way.  If  he  is  unable 
to  repeat  sounds  as  they  are,  he  must  employ  lip-reading,  and  endeavor 
to  imitate  sounds  in  this  way. 

After  learning  to  associate  vocal  sounds  with  speech  movements, 
he  next  proceeds  to  associate  them  with  writing  and  reading,  instruc- 
tion being  carried  out  methodically  by  letters,  syllables,  w^ords,  and 
sentences. 

Words  are  next  associated  with  their  meaning;  an  object  is  held  in 
front  of  the  patient,  and  he  is  told  what  it  is;  he  repeats  the  word,  spells 
it,  and  picks  it  out  by  the  use  of  an  alphabet. 

Goldscheider  thinks  that  the  best  way  to  instruct  in  the  tones  and 
accents  of  words  is  by  the  patient's  memorizing  rows  of  meaningless 
syllables,  the  order  of  these  being  changed  from  time  to  time.  He  gives 
the  following  example: 


ut 

re 

mi 

ut 

mi 

re 

re 

ut 

mi 

re 

re 

ut 

mi 

mi 

re 

mi 

ut 

ut 

Gutzmann's  Methods. — Gutzmann's  suggestions  resemble  those  of 
Mills  and  Wyllie.   Mills  gives  the  subjoined  resuvie  of  his  methods: 

1.  "Repetition  of  letters,  words,  phrases. 

2.  "Repetition  of  sounds  in  particular  letters,  syllable  associations, 
combining  vowels  with  the  labials,  dentals,  and  other  consonants. 

3.  "Tongue  exercises  are  practised  and  tones  are  taught. 

4.  "  The  patient  is  made  to  imitate  movements  of  articulation  and 
enunciation  by  watching  the  facial  movements  of  others,  and  to  improve 
liimself  in  the  same  respects  by  observing  in  a  looking-glass  his  own 
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movements  and  expression  in  articulating.  Tlie  association  of  vocali- 
zation with  reading  and  writing  as  well  as  with  speech  is  practised; 
in  other  words,  the  patient  learns  to  read  aloud,  and  also  to  repeat 
what  he  writes;  geometric  forms  are  taught,  and  the  aphasic  writes 
from  dictation,  from  copy,  and  spontaneously.  Words  are  associated 
not  only  with  their  meanings  but  a  suggestion  is  made  to  repeat 
meaningless  syllables  in  various  combinations.  Names  and  concrete 
objects  are  associated." 

It  will  be  noticed,  from  a  consideration  of  these  varying  methods  of 
reeducating  patients  afflicted  with  aphasia,  that  in  no  one  of  them  is 
attention  confined  solely  to  repetition,  or  to  lip-reading,  or  to  phonetic 
instruction.  It  is  a  conviction  based  on  experience  that  a  judicious 
combination  of  different  plans  of  attack  is  likely  to  be«followed  by  the 
most  satisfactory  results.  Reference  has  been  made  above  to  the  case  of 
Helen  Keller.  If  the  reader  will  turn  to  the  appendix  in  the  Story  of 
Her  Life,  written  by  herself,  he  will  there  find  what  is  to  the  physician 
the  most  interesting  part  of  the  book,  viz.,  the  series  of  letters  written 
by  her  teacher,  in  which  the  latter  describes  her  pedagogic  endeavors, 
and  enters  into  the  details  of  her  teaching.  Inasmuch  as  the  pupil  was 
both  blind  and  deaf,  to  render  her  finally  capable  of  speech  was  indeed 
a  triumph,  yet  it  was  but  by  the  application  of  methods  not  essen- 
tially dissimilar  from  those  here  given  that  that  wonderful  result 
was  attained.  If  the  effort  to  reeducate  aphasics  to  speak  were 
attempted  more  frequently  and  more  patiently,  there  can  be  little 
doubt  that  the  record  of  successes  would  ere  long  be  notably  enriched. 

Hitherto,  in  the  matter  of  functional  compensation,  we  have  directed 
our  attention  more  particularly  to  cases  of  motor  as  opposed  to  sensory 
aphasia.  Gutzmann  seems  to  be  of  the  opinion  that  sensory  aphasia 
is  more  difficult  to  treat  than  motor  aphasia,  from  this  standpoint. 
It  may  be  so.  In  a  case  of  auditory  aphasia,  for  instance,  it  is  clear 
that  treatment  must  be  given  such  as  is  calculated  to  develop  the  audi- 
tory word  centre  in  the  right  hemisphere,  and  to  bring  it  into  more 
complete  relation  with  Broca's  centre  in  the  left.  Bastian  recognizes 
that  the  process  must  entail  the  expenditure  of  much  time  and  patience, 
but  by  concentrating  the  patient's  attention  on  simple  vowel  sounds, 
and  afterward  on  monosyllables,  spelled  letter  by  letter,  a  start  may  be 
made,  and  once  this  is  the  case  we  may  expect  improvement  to  become 
more  rapid.  If  the  patient  has  not  any  accompanying  visual  aphasia, 
reading  will  no  doubt  aid  in  the  determination  of  direct  functional 
compensation  by  new  cerebral  paths.  A  good  example  of  amelioration 
along  these  lines,  in  a  case  of  word-deafness,  was  recorded  by  Schmidt 
and  is  quoted  by  Wyllie. 

Word-blindness.— Similarly,  in  word-blindness,  the  patient  must 
be  treated  as  a  child  learning  to  read  for  the  first  time,  especially  if 
he  is  letter-blind  as  well  as  word-blind.  I  cannot  do  better  than  quote 
Bastian's  suggestions  for  the  treatment  of  this  type  of  sensory  aphasia. 

"The  patient's  attention  must  be  concentrated  upon  individual 
letters  one  by  one,  at  the  same  time  that  the  teacher  pronounces  their 
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names.  After  a  certain  amonnt  of  practice  of  this  kind  the  patient 
must  be  encouraged  to  try  and  name  the  letters  himself  (making  use 
here  of  the  oral  method),  in  order  tb  endeavor  gradually  to  build  up 
a  commissural  and  functional  relationship  between  the  right  visual 
word  centre  and  Broca's  region — as  in  the  deaf-mute  who  is  taught  to 
speak.  Then  from  letters  the  teacher  should  pass  to  monosyllables, 
naming  each  individual  letter,  and  following  it  by  the  pronunciation 
of  the  sound  as  a  whole.  Here  again  efforts  to  read  such  monosyllables 
should  be  made  by  the  patient  (the  teacher  assisting  by  the  oral 
method)  until  some  facility  has  been  acquired.  Then  an  advance  must 
be  made  with  words  of  one  and  two  syllables.  Exercises  of  this  kind 
carried  out  methodically  and  over  a  long  period  will  be  necessary  for 
this  education  of  the  right  visual  word  centre,  and  for  the  establish- 
ment of  functional  relations  between  it  and  the  two  undamaged  word 
centres  in  the  left  hemisphere,  viz.,  the  auditory  w^ord  centre  and 
Broca's  centre.  At  this  period,  or  earlier,  efforts  should  also  be  made 
to  call  the  right  visual  word  centre  into  further  activity,  by  teaching 
the  patient  to  write  with  the  left  hand." 

To  show  the  reader  that  treatment  of  this  sort  may  be  carried  out  with 
the  greatest  success,  I  may  refer  him  to  the  latest  work  on  the  subject — a 
paper  read  by  Dr.  Hinshelwood,  of  Glasgow,  at  the  Annual  Congress  of 
the  British  Medical  Association  at  Liverpool,  July,  1912.  One  of  his 
patients  was  a  woman,  aged  thirty-four  years,  who  had  been  completely 
word-  and  letter-blind  for  fourteen  months;  she  also  had  right  homony- 
mous hemianopia.  A  school-master  took  great  interest  in  her  reeduca- 
tion. It  was  found  that  the  effort  of  education  was  great;  ten  minutes 
at  a  time  proved  to  be  enough.  Ultimately  the  patient  learned  to  read 
simple  Bible  texts  by  spelling  out  the  words.  After  an  interval  of  ten 
years,  progress  had  been  really  excellent.  She  could  read  a  newspaper 
fairly  fluently,  only  occasionally  being  compelled  to  spell  words.  Another 
case  was  that  of  a  girl,  aged  fourteen  years,  with  right  hemiplegia  and 
aphasia  of  eighteen  months'  duration.  When  first  seen  she  was 
completely  letter-blind  and  had  right  homonymous  hemianopia.  Her 
auditory  memory  was  unimpaired.  Reeducation  was  started,  and  after 
learning  the  alphabet  she  was  allowed  to  spell  out  words  letter  by  letter. 
In  four  months  she  had  made  considerable  progress  and  could  recognize 
any  letter  and  many  small  words.  Longer  words  she  had  to  spell  so 
as  to  get  the  aid  of  her  ear.  Two  years  later  she  could  read  as  well  as 
ever. 

Hinshelwood  advocates  strongly  personal  teaching  in  all  cases,  aud 
says  he  has  found  a  number  of  short  reading  lessons  during  the  day  to 
be  better  than  one  long  one. 

It  was  long  ago  pointed  out  by  Ilughlings  Jackson,  as  remarked  above, 
that  a  patient  suffering  from  motor  aphasia  may  be  able  to  say  "yes" 
or  "no,"  but  be  quite  unable  to  " propositionize"  with  them,  i.  e.,  to 
use  them  correctly  as  the  expression  of  a  statement.  Herein  lies  an 
important  truth  which  concerns  the  subject  of  the  reeducation  of 
aphasics  very  closely.  The  faculty  of  propositionizing  in  language 
VOL.  11—32 
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is  really  the  most  fundamental  defect  of  the  aphasic;  he  has,  as  Mills 
remarks,  the  greatest  difficulty  in  regaining  just  those  parts  of  speech 
which  are  concerned  with  qualifying  and  correlating.  Exactly  the 
same  difficulty  was  experienced  in  the  case  of  Helen  Keller.  An  infant 
making  its  earliest  essays  in  speech  will  say  "baby  hungy"  before  it 
it  will  say  "baby  is  hungy,"  and  long  before  it  can  say  "I  am  hungry." 
The  aphasic  will  manage  "paper-white"  long  before  he  gets  to  "the 
paper  is  white."  Prepositions  and  articles  are  under  an  eclipse,  as  it 
seems,  or  actually  lost,  and  nothing  shows  the  poverty  of  his  language 
so  much  as  the  omission  of  these  connecting,  modifying,  qualifying 
links.  From  the  outset,  therefore,  the  teacher  must  set  himself  to 
tackle  these  omissions  seriously.  In  every  possible  way  the  manner 
of  employing  such  parts  of  speech  as  prepositions,  conjunctions,  and 
auxiliary  verbs  should  be  impressed  on  the  patient.  When  he  indulges 
in  incomplete  sentences  the  complete  sentence  should  always  be  repeated 
and  explained.  In  fact,  the  grammar  has  to  be  relearned;  it  has  to  be 
studied  after  the  routine  method  of  the  school.  Otherwise,  the  ultimate 
result  will  still  be  very  imperfect. 

DYSARTHRIA  AND  ANARTHRIA 

Dysarthria  or  anarthria  may  be  caused  by  lesions  either  of  the 
upper  or  of  the  lower  motor  neurone,  and  by  unilateral,  but  more 
frequently  bilateral  lesions. 

To  begin  with,  there  are  certain  congenital  anomalies  such  as  cleft 
palate  or  hare-lip  which  are  associated  with  dysarthria,  while  other 
defects,  such  as  imperfect  teeth  or  local  conditions  in  the  mouth,  fauces, 
etc.,  such  as  tumors,  will  of  course  impede  correct  muscular  action  and 
thereby  produce  dysarthria.  Apart,  however,  from  these,  over  which 
we  need  not  delay,  diseases  of  the  lower  motor  neurone  are  often  accom- 
panied by  dysarthria;  disease  of  the  extreme  motor  periphery,  for 
instance,  such  as  facial  myopathy,  and  especially  that  type  known  as 
the  Landouzy-Dejerine  variety,  has  dysarthria  as  one  of  the  symptoms. 
Lesions  involving  the  seventh,  ninth,  tenth  or  twelfth  cranial  nerves, 
notably  bilateral  lesions,  will  produce  defective  articulation,  and  lesions 
of  the  corresponding  nuclei  in  the  medulla,  as  well  as  infranuclear  lesions, 
will  have  the  same  effect.  Included  in  this  category  are  the  familiar 
bulbar  palsy,  the  bulbar  type  of  progressive  muscular  atrophy  or 
amyotrophic  lateral  sclerosis ;  also  acute  bulbar  conditions,  polioenceph- 
alitis inferior,  and  myasthenia  gravis.  In  the  former  of  these,  acute 
embarrassment  of  medullary  nuclei  may  supervene  on  a  toxi-infective 
condition,  and  dysarthria  or  anarthria  result.  In  the  latter  condition 
the  dysarthria  is  essentially  variable,  depending  on  fatigue,  and  recover- 
ing with  rest.  Certain  vascular  lesions  in  this  medullary  area  are 
deserving  of  mention;  prominent  among  these  is  occlusion  of  the 
posterior  inferior  cerebellar  artery  on  either  side,  minute  branches 
from  which  enter  the  lateral  aspect  of  the  medulla  and  supply  the 
intramedullary  nerve  trunks  and  nuclei  of  the  ninth  and  tenth  nerves. 
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Aiiain,  dysarthria  may  ensue  when,  with  intact  lower  motor  neurone, 
certain  of  the  influences  of  other  intracranial  centres  acting  on  it — the 
"final  common  path"  of  Sherringtoil — are  impaired.  Thus  dysarthria 
frequently  occurs  in  cerebellar  disease;  it  is,  as  a  matter  of  fact,  better 
described  by  ataxia  of  articulation.  Similarly  in  Friedreich's  disease, 
disseminated  sclerosis,  and  pontocerebellar,  pontine,  and  pontomedul- 
lary  tumors,  the  articulatory  speech  mechanism  is  liable  to  be  disturbed 
from  failure  of  coordinating  controls.  The  dysarthria  of  paralysis 
agitans  is  another  instance  of  a  similar  defect  of  extra-pyramidal 
origin;  with  intact  lower  motor  neurone  the  patient  is  nevertheless 
dysarthric,  owing  to  rigidity  of  the  speech  mechanisms  without  par- 
alysis. This  is  especially  well  illustrated  in  the  interesting  familial 
nervous  disease  known  as  progressive  lenticular  degeneration.  The 
dysarthria  of  general  paralysis  of  the  insane  is  in  part  of  ataxic  origin, 
in  part  due  to  certain  central  defects. 

Coming  to  disease  of  the  upper  motor  neurone,  any  interference  in 
the  path  of  the  pyramidal  fibers  from  the  operculum,  and  lowest  part 
of  the  precentral  gyrus,  by  the  genu  of  the  internal  capsule  and  the 
inner  fifth  of  the  crus,  to  the  pontomedullary  nuclei  of  the  motor 
cranial  nerves  concerned  in  articulation,  will  produce  disturbances  of 
that  function  and  result  in  dysarthria  or  anarthria.  The  morbid  phe- 
nomena are  much  more  apt  to  arise  if  the  lesion  is  bilateral,  and  we 
then  have  the  well-known  "pseudobulbar  paralysis" — an  unfortunate 
name,  for  it  is  a  true  paralysis  of  bulbar  muscles,  just  as  much  as  the 
paralysis  of  the  limbs  in  hemiplegia.  As  the  disease  is  one  of  the  upper 
motor  neurones,  a  spastic  element  usually  enters  into  the  paralysis. 
It  is  met  with  typically  in  some  cases  of  cerebral  diplegia,  in  sym- 
metrical cerebral  sclerosis,  in  double  hemiplegia,  in  progressive  double 
hemiplegia  from  vascular  disease,  and  in  the  "lacunaires,"  where 
lacunae  of  cerebral  disintegration  are  found,  more  particularly  in  the 
basal  ganglia.  It  is  noteworthy  that  dysarthria  may  result  from 
unilateral  lesions  in  the  path  mentioned  above,  but  the  explanation 
of  this  is  somewhat  difficult.  It  may  be,  as  has  been  held,  that  "the 
sudden  cutting  off  of  one-half  of  a  bilateral  innervation  m^y  tem- 
porarily, until  the  other  half  has  had  time  to  compensate  for  the  loss, 
cause  spastic  paresis  even  in  the  most  closely  associated  bilateral 
couple." 

If  this  were  the  sole  explanation,  dysarthria  from  unilateral  lesions 
should  occur  more  frequently  than  it  does.  Another  somewhat  curious 
point  is  that  double  hemiplegia  does  not  always  produce  a  complete 
anarthria,  as  ex  hypothesi  it  might  be  expected  to  do.  The  probable 
explanation  is  that  the  lesions  are  rarely  so  placed  as  to  interrupt 
completely  all  of  the  pyramidal  fibers  concerned. 

The  prognosis  and  treatment  of  dysarthria  must  be  considered  in 
the  light  of  what  has  been  said  in  an  earlier  part  of  the  article  on  the 
prognosis  and  treatment  of  aphasia. 

Prognosis.— The  prognosis  depends  to  a  great  extent  on  the  diagnosis, 
in  the  sense  that  a  diagnosis  of  the  exact  condition  will  determine  the 
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physician  in  giving  a  favorable  prognosis  or  the  reverse.  Exchuhng 
the  dysarthrias  of  disseminated  sclerosis,  Friedreich's  disease,  general 
paralysis  of  the  insane,  and  the  other  diseases  enumerated  above  (for 
a  consideration  of  which  tlie  reader  is  referred  elsewhere),  there  is  a 
group  of  transient  dysarthrias  comparable  to  the  transient  aphasias 
already  noted.  In  unilateral  cerebral  lesions  the  dysarthria  is  often 
quite  transient;  whether  it  is  more  apt  to  be  permanent  in  lesions  of 
the  left  hemisphere  than  in  lesions  of  the  right  (in  right-handed  per- 
sons) is  a  moot  point.  Obviously  the  position  of  the  lesion,  its  nature 
and  its  degree  or  extent  are  of  the  first  importance.  The  dysarthria  of 
polioencephalitis  may  clear  up  just  as  in  the  cord  cell-groups  which 
have  been  thrown  out  of  action  by  the  local  effects  of  the  poliomyelitic 
toxin,  but  not  actually  destroyed,  often  recover.  Similarly,  in  occlu- 
sion of  the  posterior  inferior  cerebellar  artery,  dysarthria  produced 
by  the  ictus  may  be  recovered  from  very  soon,  being  less  a  direct 
than  an  indirect  result  of  the  lesion.  Speaking  generally,  when  the 
dysarthria  ensues  on  vascular  disease  (endarteritis  syphilitica,  arterio- 
sclerosis, embolism,  and  so  on)  the  considerations  mentioned  on  page  483 
must  be  our  guide  in  the  matter.  The  age  of  the  patient  and  the  severity 
of  the  lesion  are  important  factors  in  the  situation. 

At  the  best  we  may  hope  for  comparatively  little  by  way  of  "  func- 
tional compensation,"  though  what  has  been  said  will  shov/  that  at 
the  site  of  the  damage  a  good  deal  of  recovery  may  be  attained 
by  "functional  restitution."  Especially  in  pseudobulbar  cases,  where 
the  lesion  is  bilateral,  functional  compensation  is  not  a  process  from 
which  help  can  be  derived.  For  articulate  speech  the  bulbar  centres 
are  in  action  simultaneously  and  equally,  and  if  the  lesion  is  bilateral 
nothing  can  be  done.  As  far  as  the  writer  knows  there  is  no  evidence 
to  suggest  that  extrapyramidal  motor  paths  can  be  utilized  to  enable 
stimuli  from  the  cortical  centres  to  reach  the  bulbar  nuclei  by  a 
circuitous  route. 

Treatment. — In  the  matter  of  treatment  it  is  unnecessary  to  repeat 
what  has  already  been  dealt  with  fully  in  the  section  on  aphasia.  For 
dysarthria  or  anarthria,  the  physician  must  treat,  on  exactly  the  same 
lines  as  for  aphasia,  the  underlying  pathological  condition,  and,  should 
it  remain,  its  persistent  clinical  symptom-complex.  All  that  requires 
to  be  said  is  that  not  infrequently  cases  of  dysarthria  prove  amenable 
to  reeducative  handling.  To  quote  Bastian:  "The  patient  has  to  be 
assiduously  drilled  in  the  pronunciation  of  simple  vowel  sounds  and 
consonants,  at  the  same  time  that  he  is  shown  how  to  arrange  the 
organs  of  articulation  for  the  production  of  such  sounds,  whenever 
such  instruction  is  needed.  He  is  then  schooled  in  the  same  way  in 
the  articulation  of  monosyllables,  and  subsequently  in  the  combination 
of  monosylla})les  into  short  words.  A  laborious  process  of  tuition  has, 
in  fact,  to  be  carried  out  from  day  to  day — the  patient  has  slowly  to 
be  taught  anew  how  to  speak."  It  is  sometimes  remarkable  how  much 
can  be  done  for  dysarthria  by  persistent  drilling.  Excellent  results 
have  been  recorded  by  Haddon,  Taylor,  Wyllie,  and  others. 
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DYSPRAXIA  AND  APRAXIA 

In  the  introduction  to  this  article  it  was  stated  that  apraxia  is  a 
subject  which  is  as  yet  comparatively  little  known  to  the  profession 
at  large,  so  that  a  brief  explanation  of  its  nature  and  localizing  value 
will  not  be  out  of  place. 

By  dyspraxia  or  apraxia  is  signified  the  inability  to  perform  certain 
purposive  movements,  in  the  absence,  be  it  remarked,  of  either  motor 
or  sensory  paralysis  or  ataxia.  That  is  to  say,  the  patient  is  unable 
on  request  to  make  certain  simple  movements  volitionally,  though  his 
use  of  the  same  musculature  automatically  or  involuntarily  is  a  proof 
that  there  is  no  actual  paralysis.  Thus  a  hemiplegic  may  be  unable 
to  protrude  his  tongue  when  asked  to  do  so,  but  he  will  put  it  out  when 
taking  a  spoonful  of  marmalade.  Again,  he  may  be  unable  to  use  a 
pencil  correctly  with  one  hand,  and  yet  fumble  about  with  it  in  endlessly 
futile  ways.  He  may  employ  it  at  once  in  the  right  fashion  with  the 
other  hand.  Apraxia  may  therefore  be  unilateral  or  bilateral.  I  have 
seen  a  patient  with  bilateral  apraxia  who  is  unable  to  clap  her  hands 
on  request,  although  all  the  time  she  makes  little  fumbling  movements 
with  them  in  her  eagerness  to  do  what  is  wanted ;  performing  the  required 
movement  in  front  of  her  does  not  help  her.  Apraxia  may  range  to 
much  more  complex  acts,  i.  e.,  to  more  than  mere  isolated  movements. 
A  patient  may  perform  simple  movements  quite  well,  but  be  lost  in 
the  carrying  out  of  such  a  complex  action  as  taking  a  match  out  of  a 
matchbox  and  lighting  a  candle  with  it.  Again,  there  may  be  a  curious 
repetition  or  perseveration  in  the  performance  of  certain  volitional 
acts,  so  that  the  patient  makes  incorrect  movements  because  he  is 
unable  to  get  away  from  a  previous  innervation. 

It  must  be  clearly  understood  that  in  diagnosing  apraxia  the  physician 
must  satisfy  himself  that  the  patient  fully  understands  what  is  required 
of  him;  the  latter  must  not  have  either  auditor}^  or  visual  agnosia,  in 
other  words;  for  in  such  a  case  his  inability  to  perform  certain  acts 
correctly  is  dependent  on  the  agnosia;  it  is  agnostic  apraxia,  and  not 
true  motor  apraxia.  Similarly  there  must  not  be  any  gross  sensory 
defect  in  the  innervated  limb,  for  that  also  may  of  itself  interfere 
with  correct  motor  action.  With  these  provisos,  if  a  patient  cannot 
make  either  simple  or  complex  movements  when  he  recognizes  what 
is  required  of  him,  or  recognizes  the  objects  which  he  is  to  use,  and 
when  there  is  no  complicating  paretic  or  anesthetic  factor,  then  he 
is  suffering  from  dyspraxia  or  apraxia. 

A  good  deal  of  evidence  has  been  accumulating  which  goes  to  show 
that  in  the  frontal  lobes,  in  the  area  which  corresponds  to  what  is 
known  histologically  as  the  intermediate-precentral  region,  there  is 
situated  a  centre  or  centres  for  the  coordination  of  the  series  of  con- 
secutive muscular  innervations  requisite  for  tlie  due  performance  of  an 
act.  Such  a  centre  may  be  designated  a  cupraxic  centre,  and  reference 
has  already  been  made  to  the  fact  that  Broca's  area  and  the  writing 
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centre  are  probably  best  regarded  as  parts  of  this  eupraxic  centre,  wliich 
controls  the  movements  of  all  the  segments  of  the  body.  It  is  not 
necessary  to  enter  on  the  evidence  here;  the  reader  should  consult 
inodern  text-books  on  the  subject.  From  data  which  I  have  been  collect- 
ing for  some  years  now,  I  have  found  that  lesions  of  the  frontal  poles, 
of  the  orbital  surface  of  the  frontal  lobes,  and  of  the  precentral  gyrus,' 
are  not  likely  to  be  associated  with  apraxia,  whereas  lesions  involving 
the  middle  parts  of  the  outer  surface  of  the  frontal  lobes,  and  lesions 
in  the  centrum  ovale  of  the  same  lobes,  especially  such  as  implicate 
the  corpus  callosum,  are  likely  to  reveal  themselves  by  dyspraxia  as 
a  clinical  symptom.  Apraxia  is  therefore  of  localizing  value;  lesions 
in  the  distribution  of  the  anterior  cerebral  artery  on  one  or  other  side 
may  be  expected  to  be  accompanied  by  that  phenomenon.  Lesions 
of  the  corpus  callosum,  anterior  or  middle  third,  are  also  in  the  same 
category  in  this  respect.  Any  lesion  which  isolates  the  sensomotorium 
from  the  rest  of  the  cortex,  whether  the  lesion  be  anterior  or  posterior 
to  the  central  gyri,  may  have  the  same  effect.  In  some  cases  disease 
of  the  temporosphenoidal  lobes  is  associated  with  apraxia;  this, 
however,  is  not  so  well  established. 

The  motor  apraxic  resembles  the  motor  aphasic  closely;  the  latter 
cannot  speak  although  his  speech  musculature  is  not  paralyzed;  the 
former  cannot  "  act"  although  his  arm  or  his  leg  is  not  paralyzed.  By 
thus  correlating  the  two  conditions  the  physician  will  gain  a  wider 
view  of  these  pathological  states,  and  will  be  in  a  position  better  to 
appreciate  what  will  now  be  said  of  the  prognosis  and  treatment  of 
apraxia. 

It  should  be  noted,  perhaps,  that  in  the  function  of  eupraxia  it  is 
highly  probable  that  in  right-handed  individuals  the  left  hemisphere 
leads  and  controls  the  right;  that  is  to  s&y,  the  correct  ordering  of 
specialized  movements  of  both  arms,  say,  is  controlled  from  the  eupraxic 
centre  of  the  left  brain.  The  converse  occurs,  presumably,  in  left- 
handed  persons.  It  thus  is  brought  about  that  a  lesion  in  the  left 
hemisphere  may  occasion  dyspraxia  in  the  left  hand,  either  by  itself, 
or  with  apraxia  of  the  right  hand  also.  I  have  seen  an  excellent  example 
of  dyspraxia  in  a  mandoline  player,  who  developed  a  right  hemiplegia 
which  eventually  cleared  up  entirely;  there  remained,  however,  loss 
of  the  fine  specialized  movements  of  the  left  fingers  necessary  for  the 
manipulation  of  the  strings. 

Prognosis  and  Treatment. — Since  the  commonest  causes  of  apraxia 
are  cerebral  vascular  lesions  and  tumors,  the  reader  is  referred  to  the 
paragraphs  on  the  prognosis  and  treatment  of  these  conditions  under 
the  heading  Aphasia.  He  should  also  remember  that  apraxia  occurs 
in  a  number  of  mental  states  a  consideration  which  is  outside  the  scope 
of  this  article.  In  general  paralysis,  at  a  certain  stage,  in  dementia 
prsecox,  senile  and  arteriopathic  dementia,  and  so  on,  apraxia  is  often 
to  be  found,  if  it  is  looked  for.  Its  treatment  is  that  of  the  underlying 
pathological  state. 

Where  apraxia  is  established,  in  a  stationary  form,  as  a  sequel  to 
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vascular  or  other  lesions,  treatment  by  reeducation  may  well  be  con- 
sidered. As  far  as  I  am  aware,  there  is  no  case  on  record  of  systematic 
ert'ort  to  reeducate  an  apraxic  patient,  although  a  priori  no  reason  exists 
why  an  essay  should  prove  abortive.    Treatment  must  consist  in  the 
slow  and  laborious  retraining  of  the  limb  for  such  acts  as  are  lost  or 
defecti^'e.    Collier  suggests  that  the  regular  taking  out  and  replacing 
of  the  pegs  of  a  cribbage  board  or  of  the  marbles  of  a  solitaire  board 
would  be  useful  exercises  of  a  simple  order.   Unfortunately,  the  teacher 
will  meet  with  a  difficulty  here,  at  least  in  some  cases.    If  he  performs 
the  wished-for  movements  in  the  presence  of  the  patient,  and  requests 
the  latter  to  imitate  him,  he  may  find  that  the  patient  is  unable  to  profit 
by  the  teacliing,  for  he  is  unable  to  imitate.    It  is  a  fact  that  apraxic 
patients  often  evince  indifference  to  their  mistakes,  and  show  a  some- 
what surprising  inability  to  profit  by  them.   Thus  I  have  seen  a  patient 
who,  when  asked  to  put  his  forefinger  on  his  chin,  put  it  on  the  top  of 
his  head  without  any  hesitation,  with  a  smile  as  of  satisfaction,  and 
who  repeated  the  mistake  a  moment  later,  though  he  was  shown  what 
to  do.   When  told  to  put  his  left  hand  on  his  right  ear,  he  put  his  left 
forefinger  into  his  left  eye,  and  when  asked  if  he  had  done  what  I  wished 
he  nodded  in  affirmation.    There  can  be  little  doubt  that  the  apraxic 
patient,  as  a  rule,  has  less  insight  than  the  aphasic,  and  is  less  put  out 
at  the  mistakes  he  commits;  he  does  not  seem  to  be  able  to  learn.  This 
Nichtkorrektur,  as  the  Germans  call  it,  has  been  alluded  to  by  more 
than  one  writer  on  the  subject.    For  this  reason,  therefore,  there  may 
be  difficulty  in  reeducating  the  patient  along  the  lines  which  have  been 
successful  in  cases  of  asphasia.    If,  however,  the  complacency  and 
acquiescence  of  the  patient  in  his  apraxic  condition  can  be  overcome, 
if  he  can  be  stimulated  at  least  to  attempt  what  he  is  unable  to  per- 
form, some  headway  may  be  made  in  the  hands  of  an  enthusiastic  and 
patient  teacher.   Each  case  must  be  treated  on  its  merits.   It  is  im- 
possible to  lay  down  any  definite  rules,  but  the  application  of  the 
principles  must  be  relegated  to  the  individual  who  is  responsible  in  a 
particular  case. 

Agraphia. — One  of  the  varieties  of  apraxia  is  agraphia,  and  this  is  a 
common  symptom.  It  is,  however,  a  highly  complex  disturbance. 
The  centre  for  graphic  kinesthetic  ideas  may  be  stimulated  from  the 
auditory-image  centre,  the  visual-image  centre,  the  motor-speech 
centre,  and  so  on.  Hence  there  may  be  considerable  disturbance  of 
one  or  other  receptive  centre  without  abolition  of  the  faculty  of  sponta- 
neous writing.  Agraphia  may  be  either  sensory  or  motor  in  origin; 
motor  agraphia  is  a  form  of  motor  apraxia.  Strictly  speaking  a  patient 
is  not  agraphic  if  he  is  able  to  write,  however  imperfectly,  with  the 
left  hand,  the  right  being  hemiplegic,  and  it  is  curious  how^  often  a 
hemiplegic  patient  is  able  to  make  very  fair  attempts  at  writing,  some- 
times even  to  write  well,  with  the  left  hand,  without  any  practice. 
In  the  treatment  of  agraphia  he  must  be  taught  again  just  as  the  child 
is  taught  at  school,  slowly  and  laboriously.  If  the  right  hand  is  out 
of  action  permanently,  Bastian  thinks  that  a  new  writing  centre  in 
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the  right  hemisphere  must  be  trained  into  functioning,  and  this  he 
supposes  will  be  ett'ected  by  stimuli  from  the  right  visual  centre.  It 
is  quite  possible,  however,  that  the  lesion  may  be  so  placed  in  the  left 
hemisphere  that  the  left  writing  centre  is  cut  off  from  its  control  over 
the  corresponding  innervation  centres  in  the  precentral  gyrus  of  that 
side,  and  yet  be  still  in  connection  via  the  corpus  callosum  with  the 
corresponding  areas  in  the  right  hemisphere.  By  some  way  such  as 
this  the  rapid  acquirement  of  graphic  power  with  the  left  hand  can 
best  be  explained. 

Where  the  right  hand  is  not  permanently  paralyzed,  or  not  at  all 
paretic,  an  excellent  way  of  restraining  the  patient  to  write  is  by  the 
simultaneous  employment  of  both  hands  in  performing  simple  writing 
exercises,  such  as  letters,  geometrical  figures,  etc.  He  may  be  taught 
to  trace  over  figures  and  designs  marked  on  paper.  It  is  well  known 
that  bilateral  movements  of  this  kind  can  be  readily  accomplished 
with  a  little  perseverance,  and  in  this  way  one  hand  will  as  it  were 
reinforce  the  other.  To  render  such  exercises  possible  the  path  from 
the  writing  centre  via  the  corpus  callosum  to  the  right  Rolandic  area, 
must  not  have  been  interrupted.  If  the  patient  is  agraphic  because 
of  word-blindness,  it  is  very  questionable  whether  he  will  recover  the 
faculty  of  writing,  at  least  until  such  time  as  the  word-blindness 
clears  up. 
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CHAPTER  XII 

TREATMENT  OF  STUTTERING 
By  E.  W.  scripture,  M.D. 

Stuttering  is  the  term  applied  to  a  certain  peculiar  form  of  speech. 
The  variations  are  innumerable.  We  meet,  for  example,  the  man  who 
upon  wishing  to  say  something,  says,  ''why,  why,  why,  why,"  and  so 
on  for  fifteen  to  twenty  times,  whereupon  he  makes  his  statement  quite 
correctly.   Very  many  stutterers  use  such  a  "starter." 

A  famous  musical  author  was  often  suddenly  caught  in  the  midst  of  a 
sentence  by  a  cramp  that  rendered  him  speechless  for  a  quarter  or  a 
half-minute.  One  lady  found  herself  incapable  of  asking  for  transfers 
on  the  cars,  and  was  in  a  constant  condition  of  exasperation  on  account 
of  the  extra  fares  she  had  to  pay  needlessly.  One  man  was  obliged 
always  to  buy  his  railroad  ticket  to  the  next  town  beyond  his  home 
because  he  could  not  say  the  name  of  his  home  town.  One  girl  was 
in  constant  exasperation  at  being  obliged  to  drink  vanilla  ice-cream 
sodas  because  she  could  not  ask  for  chocolate,  which  she  wanted.  One 
gentleman  could  never  get  the  blue-points  that  he  wanted  because 
the  combination  "bl"  was  too  hard  for  him.  One  young  man  appeared 
at  the  Speech  Clinic  with  the  forename  of  "Harry."  After  a  while 
his  real  name  was  found  to  be  "John."  The  new  name  had  been 
adopted  on  one  occasion  when  he  was  seeking  employment.  He 
always  had  difficulty  with  the  first  letter  of  his  name.  When  asked 
for  it  on  this  occasion  he  hesitated.  Thereupon  the  employer  had 
said  "hurry  up."  He  could  not  say  "John,"  but  the  word  "hurry" 
made  it  easy  for  him  to  say  "Harry,"  and  he  had  borne  this  name 
ever  since.  This  same  young  man  once  served  as  a  bell-boy.  When 
sent  to  a  room  he  would  knock  at  the  door  and  then  retreat  ten  steps. 
When  the  door  was  opened  he  could  walk  up  and  speak;  if  the  door 
was  suddenly  opened  without  allowing  him  time  for  this  maneuver, 
he  would  be  speechless. 

Of  a  hack-driver  who  came  to  the  clinic,  the  incident  is  related  that 
a  stranger  once  engaged  him  to  go  to  a  certain  hotel.  After  a  while 
he  turned  around  and  said  to  the  passenger,  "You  g-g-g-g  get  out 
here,  and  g-g-g  go  back  two  blocks  to  the  hotel."  "Why  did'nt  you 
stop  at  the  hotel?"  asked  the  passenger.  "B-b-because  I  tried  to 
say,  Svh-who-whoa'  there,  and  could'nt  get  it  out  until  now."  "But 
why  don't  you  drive  me  back?"  asked  the  passenger.  " B-b-b-because 
I  might  not  be  able  to  say  'wh-wh-whoa  at  all,"  replied  the  driver. 

Few  persons  realize  how  terrible  life  becomes  to  a  stutterer.  A  normal 
person  may  get  a  mild  idea  of  it  by  supposing  that  every  time  before 
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lie  speaks  he  is  obliged  to  wink  one  eye  or  to  open  his  mouth  and  yawn- 
the  feeling  of  embarrassment  and  shame  would  soon  overpower  him! 
A  stutterer  is  worse  off;  every  time  he  tries  to  speak  he  is  obliged  to 
make  a  dunce  of  himself  in  such  a  way  as  to  make  other  people  want 
to  laugh  at  him.  One  religious  but  stuttering  lady  finally  demanded 
to  be  "cured  or  chloroformed."  One  boy  often  threw  himself  on  the 
floor,  begging  his  mother  to  tell  him  how  to  die.  Another  boy  asked 
for  a  letter  to  his  father,  telling  him  to  keep  the  other  children  from 
laughing  at  him.  Many  stutterers  become  so  sensitive  that  they  imagine 
everj'body  is  constantly  making  fun  of  them.  The  life  of  a  stutterer 
is  usually  so  full  of  sorrow  that  it  can  hardly  be  said  to  be  worth  li\  ing. 

A  very  great  injustice  to  the  stutterer  is  the  widely  spread  notion 
that  stuttering  is  a  bad  habit  wdiich  is  to  be  corrected  by  reproof, 
scolding,  and  punishment.  The  treatment  is  suposed  to  consist  in  a 
kind  of  schooling,  the  result  depending  on  the  diligence  of  the  pupil. 
Lack  of  progress  is  attributed  to  inattention  or  laziness.  Parents, 
friends,  and  teachers  are  always  alert  to  test  the  patient's  progress. 
Of  course,  all  this  simply  makes  the  stutterer  worse,  turns  a  mild  case 
into  a  severe  one,  and  drives  many  a  sufferer  to  despair. 

Causes. — The  most  frequent  cause  of  stuttering  is  a  nervous  shock. 
Ghosts  and  other  practical  jokes,  and,  with  very  small  children,  sucli 
terrifying  experiences  as  are  found  at  amusement  resorts  (scenic  rail- 
ways, fire  scenes,  etc.)  are  often  the  causes  of  fright  from  which  the 
child  never  recovers.  Severe  falls  are  just  as  often  the  sources  of  the 
mental  shock. 

A  boy  of  twelve  relates  that  at  the  age  of  seven  on  several  occasions 
in  the  daylight,  he  thought  he  heard  footsteps  of  some  one  following 
him  in  the  hall,  whereas  the  noise  was  of  his  own  footsteps;  thereafter 
he  began  to  stutter.  He  is  still  afraid  to  walk  in  the  dark.  A  young 
man  of  seventeen  relates  that  he  began  to  stutter  in  reading  at  seven 
years  because  he  knew  that  he  would  make  mistakes  before  the  class. 

Most  of  the  stutterers  from  shock  show  a  general  condition  of  nervous 
excitability  in  which  the  predominant  element  is  an  abnormal  state 
of  expectancy  toward  persons  and  events.  The  patient  is  often  on  the 
alert  for  what  is  going  to  happen.  He  watches  other  people  and  replies 
before  they  half  finish  their  remarks;  or  he  is  ^imid  to  such  a  degree 
that  conversation  is  painful.  The  same  condition  of  general  over- 
anxiety  I  have  found  in  patients  who  do  not  stutter.  It  is  a  typical 
psychoneurosis  that  may,  perhaps,  be  appropriately  called  a  "  general 
anxiety  neurosis." 

A  very  frequent  cause  of  stuttering  is  mental  contagion  by  inten- 
tional or  unintentional  imitation.  A  boy  thinks  it  fun  to  mock  a 
stutterer,  and  ultimately  finds  that  he  himself  cannot  stop  stuttering. 
Stuttering  frequently  appears  after  whooping  cough,  also  after  scarlet 
fever,  measles,  intestinal  troubles,  etc.  The  cause  seems  to  lie  in  the 
condition  of  exhaustion. 

Symptoms. — The  most  striking  symptoms  are  cramps  and  spasms 
of  the  muscles  connected  with  speech.    Abdominal  cramps  are  nearly 
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always  present.  Cramps  and  spasms  of  the  muscles  of  enunciation 
are  usually  the  most  apparent  ones. 

A  marked  symptom  is  a  cramp  of  the  muscles  of  the  larynx  that 
reveals  itself  in  a  monotonous,  hard,  and  often  husky  laryngeal  tone. 
In  the  thousands  of  stutterers  that  I  have  examined  this  symptom  was 
never  once  absent,  even  on  occasions  when  there  was  no  other  evidence 
whatever  that  the  patient  was  a  stutterer.  I  have  often  risked  a  diag- 
nosis of  stuttering  on  this  symptom  alone;  the  procedure  is  useful  on 
the  not  infrequent  cases  when  the  patient  in  my  presence  apparently 
does  not  stutter.  It  seems  very  strange  that  this  symptom  has  never 
been  noticed  by  any  past  writer  on  stuttering. 

Other  symptoms  are  shown  in  the  excessive  rapidity  of  speech,  in 
the  superfluous  sounds  or  grunts  that  the  stutterer  may  use  to  start 
himself,  in  the  contortions  of  the  muscles  of  the  face  or  other  parts  of 
the  body,  in  the  huskiness  of  the  tone,  etc. 

A  never  failing  symptom  is  the  lack  of  confidence  of  the  patient  in 
his  ability  to  speak  correctly.  In  many  cases  the  thought,  "Will  I 
be  able  to  say  that  word?"  is  sufficient  to  make  it  absolutely  impossi- 
ble for  the  person  to  say  it.  The  stutterer  always  lives  with  the  fear 
that  his  speech  may  "go  back  on  him."  Many  a  one  is  always  thinking 
a  few  words  ahead  of  what  he  is  saying,  being  on  the  lookout  for  some 
word  he  thinks  he  cannot  say.  When  such  a  word  is  coming,  he  avoids 
it  by  selecting  another  that  will  serve  as  well.  One  patient  passed  his 
life  practically  in  always  avoiding  words ;  this  mental  work,  being  added 
to  that  of  a  normal  man,  kept  him  in  a  condition  of  nervous  prostration. 

The  fear  of  being  ridiculous  is  nearly  always  present.  The  person 
does  not  want  to  "make  a  dunce  of  himself."  He  therefore  avoids 
reciting  in  school;  he  refuses  invitations  to  social  affairs;  he  w^ould 
rather  live  with,  his  father's  employees  in  a  mine  than  go  to  college;  he 
shuts  himself  up  and  becomes  a  queer-mannered  hermit,  etc. 

A  condition  of  mental  flurry  is  usually  present.  When  the  patient 
starts  to  speak,  he  becomes  partly  dazed  by  his  emotion  and  does  not 
know  exactly  what  he  wants  to  say.  This  condition  may  be  present 
even  when  he  does  not  stutter;  in  trying  to  answer  a  question,  for 
example,  he  cannot  make  up  his  mind  just  what  he  wishes  to  say. 
Closely  connected  with  this  is  a  habit  of  hesitating  in  thought  that 
sometimes  arises.  The  mental  flurry  perhaps  explains  w^hy  some 
.stutterers  have  most  trouble  whenever  they  are  jocular.  In  some 
cases  they  stutter  only  when  joking. 

Stages. — Three  forms  or  stages  of  stuttering  may  be  distinguished. 
The  first  is  that  of  mere  habit  that  occurs  when  one  child  copies  the 
stuttering  of  another.  As  long  as  the  stuttering  remains  in  this  stage 
it  will  be  dropped  as  soon  as  the  cause  is  removed. 

The  stutterer  nearly  always  goes  beyond  the  habit  stage.  People 
laugh  at  him,  mock  him,  scold  him,  threaten  him  with  punishment, 
or  whip  him.  Usually  he  is  obliged  to  repeat  words  he  stumbles  on. 
He  is  made  to  go  through  exercises  in  reading  and  speaking.  Extra 
hard  words  are  given  him  to  practice  on.   Speaking  becomes  a  torture 
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for  him.  A  new  element,  the  "fecar  of  displeasing  and  of  appearing 
ridieuious,"  pnxKiees  the  "friglit  stage."  Tlie  stuttering  is  now  a 
distinct  psyclioneurosis  that  may  have  the  most  far-reaching  conse- 
quences. 

If  the  question  is  asked  of  a  patient  in  the  fright  stage,  "  Wliy  do 
you  stutter?"  he  will  answer,  "  Because  I  am  afraid  that  I  will  stutter." 
Many  a  one  will  say  that  if  he  could  only  forget  that  he  had  stuttered, 
he  would  never  stutter  again.  When  the  stutterer  wishes  to  speak' 
the  thought  of  his  previous  failures  occurs  to  him  and  he  feels  or  knows 
that  he  will  appear  ridiculous  to  those  before  whom  he  is  speaking. 
This  element  disturbs  his  mental  condition.  He  is  seized  with  a  violent 
emotion  that  may  be  described  as  stage  fright  before  a  single  person. 
Embarrassment,  shame,  fear,  etc.,  express  themselves  in  his  face  and 
often  disturb  his  mental  actions  so  that  he  cannot  think  clearly.  The 
emotion  may  make  him  absolutely  speechless,  as  in  the  case  of  many 
patients  who  cannot  say  a  word  when  introduced  to  strangers.  Or  it 
may  make  him  stumble  over  his  words;  naturally  he  stumbles  in  the 
way  he  has  learned  to  stumble,  namely,  with  stuttering  cramps. 

The  disturbance  of  mental  action  during  the  fright  stage  may  produce 
a  kind  of  intellectual  paralysis.  One  patient  was  often  unable  to  answer 
a  question,  not  because  he  was  afraid  of  stuttering,  but  because  the 
requirement  of  answering  actually  paralyzed  his  mind  so  that  he  could 
not  think  of  the  answer.  This  habit  had  become  so  thoroughly  formed 
in  another  patient  that  any  excitement  might  render  him  unable  to 
think;  on  the  football  field,  where  the  system  of  signals  required  him  to 
add  numbers,  he  would,  upon  hearing  the  signals  "  six  and  four,"  which 
had  to  be  added  together,  have  to  ask  his  neighbor  how  much  they 
amounted  to.  One  stutterer  explained  the  mental  paralysis  when  asked 
to  give  his  name  or  any  exact  information  as  resulting  from  the  fact 
that  he  is  overwhelmed  by  having  someone  to  depend  on  him  for 
information  that  he  alone  can  give. 

A  third  stage  occurs  not  infrequently.  The  stutterer  is  no  longer 
embarrassed  by  his  defect.  It  is  obnoxious  to  him,  and  he  would  like 
to  be  rid  of  it,  but  the  fright  has  disappeared.  This  may  be  termed 
"stage  of  indifference."  It  is  usually  found  in  older  patients;  they 
stutter  because  the  habit  is  firmly  fixed,  not  because  they  are 
embarrassed. 

Analysis  of  the  stutterer's  condition  of  mind  always  shows  a  serious 
disturbance  in  his  attitude  toward  other  people.  Most  stutterers  are 
shy  and  timid ;  the  boldness  or  indifference  in  other  cases  is  only  a  kind 
of  bravado  to  cover  up  timidity.  Much  of  this  timidity  is  undoubtedly 
due  to  the  effects  of  the  stuttering,  but  its  intensity  is  often  out  of  all 
proportion  to  the  occasion.  It  may  well  be  that  timidity  is  the  basis 
on  which  stuttering  arises.  If  this  is  true,  stuttering  would  then  be  a 
condition  in  which  timidity  shows  itself  by  a  peculiarity  in  speech. 

Social  timidity  shows  itself  in  mental  symptoms  that  are  approxi- 
mately the  same  in  stutterers  and  non-stutterers;  there  are  the  same 
strained  feelings  toward  other  people,  the  same  bashfulness,  etc.  The 
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bodily  symptoms  are  also  similar;  the  muscles  of  the  body  are  more 
tense  than  they  should  be;  there  is  often  also  the  flushing  of  the  face, 
etc.  There  are  even  resemblances  in'  speech.  The  timid  person  who 
is  a  non-stutterer,  speaks  with  a  tense  voice;  he  often  stumbles  over 
his  words  and  sometimes  can  hardly  get  them  out;  he  often  sticks  or 
reduplicates  like  a  stutterer.  If  this  timid  "stuttery"  speech  can  be 
supposed  to  be  developed  and  firmly  fixed  in  a  set  of  habits,  the  result 
would  be  true  stuttering. 

The  fact  that  stuttering  arises  only  in  some  cases  of  timidity  and  not 
in  others  indicates  that  there  is  some  other  element  in  the  disease. 
The  following  observations  may  perhaps  suggest  what  it  is.  In  several 
cases  there  has  been  a  determined  effort  to  get  rid  of  the  trouble  and 
perfect  good  faith  on  the  part  of  the  patient,  yet  I  have  had  the  feeling 
that  at  the  bottom  of  his  soul  the  patient  really  did  not  wish  to  be 
cured.  This  reminds  one  of  some  forms  of  hysteria,  psychasthenia, 
and  neurasthenia,  when  the  disease  is  really  produced  by  the  patient 
in  order  to  obtain  some  end,  although  he  is  absolutely  unconscious  of 
this  self-production.  It  may  be  suggested  that  stuttering  is  a  defect 
which  tends  to  exclude  him  from  the  society  of  his  fellows,  and  that 
persons  who  really  have  this  unconscious  tendency  instinctively  seize 
upon  such  a  means  of  encouraging  it. 

The  same  mental  condition  as  that  underlying  stuttering  is  found 
in  many  cases  of  nervousness  when  quite  other  symptoms  (headache, 
tremor,  anxiety,  etc.)  appear  instead  of  the  speech  trouble.  It  is  often 
a  cause  of  wonder  why  some  neurotic  patients  are  not  stutterers.  If 
we  assume  that  the  "isolation  impulse"  will  use  the  most  likely  and 
effective  means  for  its  purpose,  we  understand  why  it  seizes  upon  the 
speech  function.  We  also  understand  that  it  will  more  readily  disturb 
the  speech  when  the  mechanism  of  normal  speech  is  less  firmly  fixed, 
as  after  exhausting  diseases,  fright  or  injury  by  imitation.  When  the 
normal  mechanism  is  strong,  the  psychasthenic  impulse  must  find 
some  other  outlet. 

Stuttering  is  therefore  a  diseased  state  of  mind,  which  arises  from 
excessive  timidity  and  shows  itself  in  speech  peculiarities  tending 
toward  a  condition  of  segregation  which  will  enable  the  person  to 
avoid  occasions  where  he  will  suffer  on  account  of  timidity. 

Diagnosis. — In  many  cases  the  diagnosis  of  stuttering  is  apparently 
easy.  It  takes  no  great  technical  knowledge  to  declare  a  person  a  sti.it- 
terer  when  he  says  his  name  is  "T-t-t-t-Tommy;"  it  is  as  easy  as  to 
pronounce  a  man  drunk  when  he  is  found  lying  collapsed  and  smell- 
ing strongly  of  alcohol;  and  the  chances  of  making  a  mistake  are  just 
about  the  same.  There  are  several  conditions  in  which  "stuttery" 
speech  occurs  without  any  of  the  pathology  essential  to  true  stutter- 
ing. I  have  known  stuttering  children  to  be  brought  to  the  clinic 
and  diagnosticated  as  having  hysterical  mutism.  I  have  myself  made 
the  mistake  of  diagnosticating  as  stuttering  a  case  of  "tic  speech" 
occurring  after  chorea.  I  have  also  given  the  diagnosis  of  stuttering 
and  begun  the  treatment  in  a  case  that  was  purely  one  of  hysteria 
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with  a  peculiar  speech  movement.  And  I  have  diagnosticated  and 
treated  as  Hspers  two  cases  of  a  pecuHar  trouble  clearly  allied  to  stut- 
tering. The  mistakes  that  can  be  readily  made  by  anyone  not  an 
expert  in  speech  defects  may  be  imagined.  It  is  related  that  one  man 
was  brought  to  Prof.  Westphal's  clinic  with  a  diagnosis  of  a  psychosis. 
When  asked  to  speak,  he  would  contort  his  face,  make  irregular 
movements  with  his  body,  and  finally  would  run  around  in  a  rage. 
The  trouble  was  simply  that  when  he  wanted  to  sjjeak  he  could  not 
produce  the  words.  This  made  him  so  exasperated  and  angry  that 
he  acted  like  a  madman. 

The  differential  diagnosis  of  stuttering  can  be  carried  out  satisfac- 
torily only  by  a  medical  expert. 

Hesitation  in  speech  or  repetition  of  words  or  syllables  may  arise 
with  anyone  in  embarrassing  situations,  especially  when  the  person  is 
fatigued.  The  speech  differs  from  that  of  a  stutterer  in  not  showing 
any  cramps,  and  the  condition  is  a  temporary  one. 

The  repetition  of  syllables  in  some  nervous  diseases,  such  as  general 
paralysis,  is  due  to  an  effort  to  hold  a  long  and  difficult  word  in  mind. 
It  is  a  mechanical  repetition  without  any  cramps.  The  repetition  of 
words  and  syllables  that  occurs  in  some  cases  of  motor  aphasia  is  due 
to  an  effort  to  remember  the  following  w^ord  or  syllable;  here  again 
there  are  no  cramps.  The  disturbance  in  the  mental  condition  in  these 
two  conditions  namely,  organic  nervous  disease  and  aphasia,  does  not 
bear  the  slightest  resemblance  to  that  of  true  stuttering.  There  is  no 
trace  of  the  stutterer's  embarrassment  and  fear.  The  failure  of  Kuss- 
maul  to  distinguish  between  the  syllable  repetition  and  the  word- 
repetition  of  these  two  conditions  and  the  peculiar  speech  of  stuttering, 
led  him  and  later  writers  to  see  in  stuttering  merely  a  development  of 
troubles  of  coordination.  Such  repetitions  may  be  called  "pseudo- 
stuttering." 

Stammering. — "Stammering"  is  used  in  English  in  a  sense  identical 
with  stuttering.  The  word  should  be  avoided  on  account  of  the  con- 
fusion with  the  .German  "  stammeln,"  which  means  something  entirely 
different,  namely,  defective  enunciation  arising  from  slovenly  speech 
and  from  defects  of  the  jaws  and  mouth. 

Lisping. — "Lisping"  is  a  term  that  may  be  applied  to  defective 
enunciation  when  this  occurs  as  a  speech  defect.  One  of  its  forms  may 
be  termed  "negligent  lisping"  or  "slovenly  speech."  It  is  due  to 
defective  perception  and  execution  of  sounds.  The  condition  is  that 
of  baby-talk  which  has  not  been  corrected.  Most  frequently  the  child 
uses  "t"  instead  of  "s,"  or  "t"  instead  of  "th,"  saying  "toap"  instead 
of  "soap,"  and  "tick"  instead  of  "thick,"  etc. 

In  "organic  lisping"  the  defective  enunciation  is  caused  by  abnormal- 
ities of  the  speech  organs.  An  undershot  jaw  or  a  very  high  palate 
may  produce  a  defective  "s."    Tongue-tie  interferes  with  the  "s." 

Tic  Speech. — "Tic  speech"  is  characterized  by  spasmodic  move- 
ments that  break  up  the  speech  in  a  way  somewhat  like  ordinary  stutter- 
ing.   The  ordinary  simple  tic  consists  of  a  single  movement  which  is 
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constant  in  charcacter.  The  speech  of  the  "post-choreatic  neurosis" 
comprises  a  hirge  number  of  tic  movements.  The  trouble  originates 
with  acute  chorea.  After  this  has  disappeared  the  spasmodic  move- 
ments are  retained  as  tics.  A  diagnosis  of  stuttering  is  usually  made, 
but  the  trouble  is  of  an  entirely  different  nature.  The  stutterer  may 
stick  on  a  certain  consonant;  he  nearly  always  has  trouble  in  getting 
started.  The  tic  speaker  usually  begins  without  trouble,  but  stumbles 
at  any  moment.  There  is  no  regularity  in  the  sounds  he  has  trouble 
with.  The  stutterer  is  usually  very  anxious  and  timid  about  speaking; 
the  tic  speaker  is  usually  entirely  unabashed  by  his  defect. 

Pseudo-stuttering.— Simple  repetition  of  a  word  or  of  an  initial 
syllable  occurs  to  every  one  at  times.  It  is  frequently  found  in  cases 
of  neurasthenia,  general  paresis,  motor  aphasia,  etc.  Such  repetition 
may  be  termed  "pseudo-stuttering."  The  muscular  movements  are 
not  cramp-like  as  in  stuttering,  and  the  symptoms  are  not  of  embar- 
rassment and  fear  as  in  true  stuttering.  These  peculiarities  are  usually 
sufficient  to  hinder  a  mistake  in  diagnosis. 

Treatment. — The  fundamental  principle  for  treating  a  stutterer  is 
to  correct  the  defects  that  can  be  found  in  his  speech,  or  in  the  mental 
or  bodily  functions  connected  with  it. 

The  stiffness  and  monotony  of  the  laryngeal  tone  is  relieved  by  what 
might  be  called  the  "melody  cure."  "Melody"  is  the  term  used  to 
indicate  the  rise  and  fall  of  the  pitch  of  the  voice.  For  singing  it  is 
indicated  by  notes  on  a  staff.  For  speech  it  can  be  indicated  by  a  line 
rising  and  falling. 

The  speech  of  the  stutterer  is  monotonous.  Its  melody  w'ould 
resemble  that  of  a  straight  line.    Normal  speech  is  very  melodious. 

The  pitch  of  the  voice  is  regulated  by  the  tension  of  the  vocal  cords. 
Constant  pitch  is  not  normal  speech.  The  tension  must  be  changed 
every  instant,  that  is,  the  laryngeal  muscles  must  be  directly  poised 
and  must  act  readily  and  correctly.  The  stutterer  cramps  them  up  so 
tightly  that  they  can  move  only  with  difficulty.  He  therefore  sticks  to 
one  tone.  To  break  up  this  cramp  the  stutterer  is  first  taught  to  sing  a 
song  or  phrase  while  accompanying  the  piano.  His  voice  will  rise  and 
fall,  and  he  will  have  no  stiffness.  He  is  then  taught  to  speak  the  w^ords 
of  the  same  melody.  This  gives  him  the  idea  of  melodious  speech,  in 
place  of  monotony.   The  next  step  is  to  make  his  voice  flexible. 

The  psychological  treatment  of  stuttering  is  based  on  the  following 
principles: 

The  "principle  of  a  new  method  of  speaking"  is  founded  on  two 
facts:  (1)  that  the  stutterer  always  speaks  in  an  abnormal  voice, 
which  we  may  call  the  "stutter  voice;"  (2)  that  he  does  not  stutter 
when  he  expresses  his  ideas  in  any  other  voice,  such  as  the  singing 
voice. 

The  scheme  shown  in  the  illustration  expresses  these  two  facts: 
When  the  stutterer  tries  to  express  a  thought  in  his  usual  way,  the 
action  of  his  speech  is  interfered  with  by  the  emotional  condition — 
embarrassment  or  fear — that  is  aroused  at  the  same  time.    He,  there- 
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fore,  speaks  in  his  stutter  voice.  If  he  tries  to  express  the  thought  in 
any  other  way  than  the  usual  one,  the  emotional  disturbance  does  not 
arise.  This  exphiins  the  famihar  fact  that  a  stutterer  never  has  any 
trouble  when  he  sings  what  he  wants  to  say. 


Fig.  39 


be 


Scheme  to  illustrate  the  mechanism  of  stuttering. 


Since  the  patient  does  not  stutter  if  he  speaks  in  his  usual  way,  he 
can  be  taught  to  speak  in  some  kind  of  an  odd  voice.  The  stutterer 
can  speak  at  any  time  without  stuttering,  if  he  will  use  an  abnormally 
low  voice,  or  an  abnormally  high  one,  or  if  he  will  drawl  the  vowels 
or  slur  the  consonants,  or  again  if  he  will  speak  in  a  choppy  staccato 
voice,  and  so  on.  These  are  the  methods  of  the  "  stammer-schools" 
and  "stutter-curers."  They  are  objectionable  because  they  leave  the 
patient  with  a  queer  voice;  people  often  tell  him  that  the  cure  is 
worse  than  the  disease.  The  patient  usually  gives  up  the  queer  voice 
after  a  while  and  becomes  a  stutterer  again  because  the  queer  voice 
itself  produces  embarrassment  and  he  naturally  feels  like  discarding  it. 

The  essential  point  is  that  the  stutterer  should  feel  his  acquired 
speaking  voice  to  be  different  from  his  stuttering  voice.  One  patient 
could  never  dictate  to  his  stenographer.  I  found  that  he  could  not 
distinguish  one  note  from  another  in  music,  so  I  told  him  to  sing  what 
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he  wanted  to  dictate.  He  did  so  without  the  slightest  hesitation  or 
difficulty,  in  what  he  supposed  to  be  a  singing  voice;  it  did  not  differ, 
however,  from  his  usual  voice,  excepf  in  being  slightly  easier  and  more 
natural.  As  long  as  he  thought  he  was  singing  he  did  not  stutter, 
although  he  did  not  really  sing.  The  cure  was  a  failure  because  he 
refused  "to  make  a  dunce  of  himself  by  singing  to  his  stenographer." 
To  inform  him  of  the  fact  that  he  did  not  sing  would  have  destroyed 
the  belief  that  he  was  singing  and  would  have  made  him  a  stutterer 
again.  There  was  no  way  out  of  the  dilemma. 

There  is  another  way  of  speaking  which  is  unusual  to  the  stutterer, 
namely,  the  way  in  which  normal  persons  speak.  When  he  speaks  in 
this  way,  he  does  not  and  cannot  stutter.  The  therapeutic  procedure 
on  this  principle  will,  therefore,  be  to  teach  him  to  speak  normally. 
The  various  abnormalities  will  disappear  when  the  patient  has  thor- 
oughlv  learned  the  exercises  below. 

The  "principle  of  habit-information"  implies  that  the  new  way  of 
speaking  is  to  be  drilled  into  the  patient  until  it  becomes  a  habit. 

The  "principle  of  spontaneity"  is  requisite  because,  when  the 
patient  has  learned  to  repeat  perfectly,  he  will  still  be  unable  to  do 
so  when  he  speaks  of  his  own  accord.  A  gradually  increasing  amount 
of  spontaneous  speech  is  introduced  into  his  treatment. 

The  "principle  of  increasing  embarrassment"  arises  from  the  fact  that 
even  when  the  patient  has  learned  to  speak  perfectly  in  the  presence 
of  the  physician  or  the  instructor,  he  is  unable  to  do  so  under  other 
circumstances.  The  patient  is  taught  to  speak  properly  before  a  few 
persons  or  before  a  class.  Still  more  difficulty  is  introduced  by  making 
introductions,  speaking  over  the  telephone,  buying  in  storeS)  reciting 
in  school,  etc.  For  the  introduction  exercise  the  stutterer  practises 
at  first  privately  and  then  with  a  gradually  increasing  number  of 
strangers. 

The  "principle  of  correct  thinking"  indicates  that  the  abnormal 
habits  of  thought,  which  a  stutterer  always  acquires  to  a  greater  or 
less  degree,  are  to  be  corrected  by  appropriate  exercises.  A  frequent 
abnormality  is  that  of  getting  into  a  daze  at  each  effort  to  think.  The 
patient  finds  that  he  cannot  decide  promptly.  One  patient  on  being 
asked  "Which  kind  of  dog  do  you  like  best?"  hesitated  and  grunted, 
and  finally  said,  "I  really  cannot  say  which  I  like  best."  He  was  cured 
by  being  obliged  to  give  some  kind  of  decision  quickly,  regardless  of 
whether  it  was  correct  or  not.  The  trouble  was  due  to  the  mental  flurry 
or  daze  that  had  become  a  habit.  Another  patient,  when  leaving  a  house, 
found  himself  unable  to  say  "  Good-bye"  because  some  friends  were  wait- 
ing for  him.  The  trouble  arose  from  a  conflict  between  the  motive  to 
hurry  after  the  friends  and  the  motive  of  not  ofl'ending  the  host;  this 
produced  a  mental  daze  that  left  the  patient  speechless. 

Exercises. — The  following  exercises  present  an  outline  of  treatment 
that  may  be  abbreviated  as  desired.    Each  step  of  each  exercise  is  to 
be  repeated  a  number  of  times.    The  exercises  are  to  be  repeated  as 
often  as  may  be  needed. 
VOL.  n — 33 
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Exercise  I. —  Breathing  in  Preparation  for  Speech. — The  object  of 
this  exercise  is  to  develop  consciousness  of  breathing  and  to  form  a 
habit.  It  also  teaches  the  "  octave  twist." 

(a)  The  patient  raises  the  forearms  front  upward  inhaling,  and 
lowers  them  side  downward  exhaling.  He  repeats  this  and  each  of 
the  following  at  least  four  times. 

(6)  He  rises  the  arms  side  upward  inhaling,  and  lowers  them  side 
downward  singing  "ah." 

(c)  Likewise  with  the  other  vowels. 

(d)  The  patient  raises  the  arms  upward  inhaling;  lowers  them  side 
downward  singing  "ah"  on  middle  C  and  upper  C  (over  the  octave). 

(e)  Likewise  singing  words  of  one  syllable. 

Exercise  H. — Flexibility. — The  object  of  this  exercise  is  to  break 
up  the  hard  monotonous  laryngeal  tone.  It  alone  makes  the  voice 
normal  when  it  is  skilfully  done,  because  it  is  impossible  to  stutter 
and  to  use  the  octave  twist  at  the  same  time. 

(a)  The  patient  sings  the  vowel  "ah"  on  each  note  of  the  octave. 

(6)  He  strikes  the  lowest  note  of  the  octave  and  then  the  highest, 
singing  the  vowel  "ah"  half  on  the  lowest  note,  half  on  the  highest. 

(c)  He  sings  the  vowel  continuously  (portamento)  up  the  octave. 
He  should  note  the  "fog-horn"  effect,  the  "octave  twist." 

{d)  He  practises  singing  the  different  vowels  up  the  octave  in 
this  way. 

(e)  He  sings  a  series  of  words  with  long  vowels,  running  up  the 
octavo  in  the  same  way. 

(/)  The  instructor  speaks  a  word  with  the  octave  twist.  The  patient 
repeats  it. 

(g)  Same  with  a  sentence,  putting  the  octave  twist  on  the  first 
important  vowel. 

(h)  Same  with  a  poem,  putting  the  octave  twist  on  the  first  im- 
portant vowel  in  each  line. 

(i)  Same  with  prose,  putting  the  octave  twist  on  the  first  important 
vowel  in  each  phrase. 

(j)  The  instructor  speaks  sentences  and  questions  with  the  octave 
twist. 

Exercise  III.— Readjusting  the  Vowels.— The  object  is  to  teach  the 
patient  to  weaken  the  consonants  and  to  speak  slowly. 

(a)  The  patient  speaks  each  of  the  vowels  in  a  long-drawn-out  tone, 
going  over  the  octave,  e.  g.,  "a-h,  o-h,  etc." 

(6)  He  speaks  a  short  sentence,  omitting  all  the  consonants  but 
lengthening  the  vowels;  for  example,  the  sentence  "A  snow  storm  is 
here"  will  be  spoken  "  A-o-or-i-ere-." 

(c)  He  repeats  the  same  sentence,  lengthening  the  vowels  and 
putting  in  the  consonants  only  faintly. 

(d)  He  learns  to  read  and  converse  in  this  way. 

Exercise  IW.— Smoothness.— The  object  of  this  exercise  is  to  teach 
the  patient  to  shorten  the  consonants,  as  these  are  the  sounds  that 
cause  him  difficulty.    At  the  same  time  it  teaches  him  to  speak 
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smoothly  and  easily.  These  are  factors  in  .  forming  a  voice  that  is 
both  normal  and  new. 

(«)  Repeat  sentences  making  every' important  vowel  at  least  three 
times  as  long  as  nsual.  These  vowels  should  be  spoken  with  the  octave 
twist.  The  words  are  to  be  linked  together,  that  is,  there  are  to  be  no 
pauses  or  interruptions.  The  method  may  be  indicated  in  this  way: 
"Thesu — nisshi — ningbri — ghtly." 

(6)  Questions  and  answers  and  short  sentences  are  to  be  spoken 
and  read  likewise. 

Exercise  — Slowness. — With  a  metronome  beating  fifty-four  times 
a  minute,  the  instructor  and  patient  read,  repeat  sentences,  ask  and 
answer  questions,  etc.,  putting  one  syllable  on  each  beat.  A  breath  is 
to  be  taken  before  each  sentence.  The  first  important  vowel  in  each 
phrase  is  to  have  the  octave  twist  as  described  in  Exercise  II.  The 
whole  sentence  must  be  spoken  smoothly  and  softly  without  the  slight- 
est jerkiness.   The  object  is  to  force  the  patient  to  speak  slowly. 

Exercise  VI. — Regulation  of  Breath  in  Speaking.- — This  exercise 
is  needed  only  when  the  patient  has  difficulty  in  breathing  before 
each  sentence. 

The  instructor  and  the  patient  are  to  hold  sticks.  Each  time  before 
speaking,  the  stick  is  to  be  raised  sharply  while  breath  is  taken  vigor- 
ously.  After  waiting  one  second  with  bated  breath  the  person  speaks. 

(a)  The  instructor  speaks  a  short  sentence;  the  patient  repeats  it. 

(6)  The  instructor  asks  a  question;  the  patient  repeats  it. 

(c)  "The  instructor  assigns  a  topic  on  which  the  patient  is  to  say 
something.  The  patient  must  raise  the  stick  and  draw  a  breath  before 
each  statement. 

(d)  The  patient  is  required  to  give  a  description  of  some  object  in 
the  room  in  a  similar  way. 

Exercise  Yll.-— Starting  a  Sentence. — This  exercise  is  needed  only 
when  the  patient  has  special  difficulty  in  starting.  The  accompani- 
ment is  to  be  gradually  eliminated. 

(a)  The  patient  sings  short  sentences,  striking  a  note  on  the  piano 
as  the  first  syllable  is  sung.  Instead  of  using  the  piano,  he  may  strike 
a  bell  or  a  table  or  hit  his  knee  or  make  a  gesture  as  in  beating  time. 

(6)  He  repeats  the  same  sentences,  with  the  same  accompaniment 
in  the  same  way,  but  singing  only  the  first  word. 

(c)  He  speaks  them  with  the  same  accompaniment  on  the  first 
syllable. 

(d)  Question  and  answer  are  sung  with  accompaniment  on  the 
first  syllable. 

(e)  As  before,  but  only  the  first  syllable  is  sung,  the  rest  being 
spoken. 

if)  As  before,  but  all  spoken. 

(g)  The  patient  tells  a  story,  singing  the  first  word  of  each  sentence 
with  the  accompaniment. 

(h)  He  tells  a  story  without  singing  but  accompanying  each  first 
syllable. 
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Exercise  VWl  — Developing  Expression— Tfunng  these  exercises 
no  correction  of  faults  is  to  be  made.  The  entire  attention  is  to  be 
concentrated  on  the  correct  expression. 

(a)  The  instructor  repeats  some  poem  with  expression;  the  patient 
repeats  it  line  by  line,  exactly  imitating  the  expression. 

(b)  The  instructor  states  a  certain  fact  in  a  very  melodious  and 
expressive  way;  the  patient  repeats  it  exactly. 

(c)  The  instructor  gives  a  question  as  in  (6) ;  the  patient  repeats  it 
exactly. 

(d)  The  instructor  gives  a  question  in  a  very  melodious  and 
expressive  voice;  the  patient  answers  it  by  taking  a  few  words  from 
the  question. 

(e)  The  instructor  gives  a  question  as  before;  the  patient  answers 
freely,  but  with  the  same  melody  and  expression  as  in  the  question. 

(/)  Poems  and  prose  pieces  are  recited  with  proper  expression. 
(g)  Dialogues  are  read  with  the  proper  change  of  expression  for 
each  character. 

(A)  Jokes  are  read  and  spoken  with  an  effort  to  give  the  most 
effective  expression. 

Exercise  IX. — Confidence  in  Reading. — (a)  The  instructor  and  the 
patient  are  to  read  poems  together.  Then  they  are  to  read  alternate 
lines  together  and  alone. 

(6)  Same  with  sentences. 

(c)  They  are  to  read  a  prose  speech  together,  but  the  instructor  is 
to  remain  silent  occasionally. 

(d)  The  patient  is  to  read  a  prose  piece,  but  the  instructor  is  to 
join  in  at  the  first  intimation  of  difficulty. 

(e)  The  patient  and  the  instructor  are  to  read  sentences  and  ques- 
tions from  a  "travefier's  manual,"  sometimes  together,  sometimes  alone. 

(/)  The  instructor  and  the  patient  are  to  read  parts  in  a  drama,  the 
instructor  joining  in  whenever  the  patient  has  difficulty. 

(g)  The  patient  is  to  read  a  paragraph  and  then  tell  its  contents  in 
his  own  language. 

Exercise  X. — Confidence  in  Speaking. — (a)  The  patient  calls  out 
railroad  stations  with  a  megaphone;  the  voice  must  be  clear  and  decided. 

(6)  Same  without  the  megaphone. 

(c)  The  patient  makes  geographical  statements  with  and  without 
a  megaphone;  for  example,  "The  Atlantic  Ocean  is  east  of  the  United 
States." 

(d)  He  makes  historical  statements  likewise  (that  is,  with  and  with- 
out the  megaphone) ;  for  example,  "  George  Washington  was  the  first 
president  of  the  United  States." 

(e)  Question  and  answer  hkewise. 

(f)  The  patient  relates  a  story  or  an  incident  likewise. 

(g)  He  makes  a  speech  likewise. 

(h)  He  takes  part  in  a  debate  likewise. 

(i)  He  takes  part  in  a  continuous  story  which  is  arranged  as  follows: 
One  person  tells  a  story  which  he  makes  up  as  he  goes  along;  he  suddenly 
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stops,  and  the  next  person  immediately  continues  the  story  accorcHng 
to  his  own  ideas;  he,  in  turn,  suddenly  stops  and  the  following  person 
continues.    This  is  kept  up  until  the  story  reaches  the  first  person. 

(j)  A  topic  is  assigned;  the  patient  prepares  a  short  speech  to  make 
on  it  and  delivers  it  in  the  presence  of  the  instructor. 

(A-)  Same  in  the  presence  of  several  people. 

(/)  An  impromptu  speech  is  made  on  a  given  topic  in  the  presence  of 
the  instructor. 

(m)  Same  in  the  presence  of  other  people. 

The  number  of  the  people  is  to  be  gradually  increased  until  the 
patient  feels  ready  to  get  up  at  any  moment  and  make  a  short  speech 
on  any  topic 

Exercise  XL- — Confidence  in  Buying. — (a)  The  patient  with  a 
number  of  objects  before  him  is  supposed  to  be  a  store-keeper;  other 
people  (or  patients)  go  to  the  store,  inquire  about  articles,  discuss  the 
prices  and  buy.  This  must  all  be  done  with  proper  attention  to  slow- 
ness and  melody  of  speech. 

(6)  The  patient  takes  the  part  of  the  buyer. 

(c)  The  store  is  turned  into  a  railroad  ticket  office  with  the  patient 
alternately  as  ticket  agent  and  as  traveler.  Various  questions  are 
asked  concerning  trains,  accommodations,  etc. 

((/)  The  ticket  office  becomes  the  box  office  at  the  theatre;  the 
questions  are  to  include  location  and  seats,  exchange  of  tickets,  etc. 

(e)  When  the  patient  can  do  this  perfectly,  the  instructor  accom- 
panies him  on  actual  purchasing  expeditions  to  the  stores. 

Exercise  XII.- — Scenes  from  Life. — (a)  A  group  of  people  is  sup- 
posed to  be  in  some  familiar  situation;  for  example,  eating  at  a  restau- 
rant, riding  in  an  automobile,  forming  a  box  party  at  the  theatre,  etc. 
The  instructor  works  out  the  situation  by  description,  while  all  persons 
present,  including  the  patient,  make  the  appropriate  remarks. 

(6)  Similar  scenes  are  worked  out,  the  patient  taking  the  leading  parts. 

(c)  The  group  of  persons  is  supposed  to  represent  a  club,  the  in- 
structor occupying  the  chair.  Various  members  are  to  make  motions 
and  discuss  them,  officers  are  to  be  elected,  etc. 

(d)  The  patient  is  made  chairman  of  the  club. 

Exercise  XIII. — S.pontaneous  Speech.- — The  object  of  this  exercise 
is  to  remove  the  daze — mental  cramp — which  many  stutterers  have 
when  they  begin  to  speak. 

(a)  The  patient  says  some  word  referring  to  an  object  placed  before 
him  or  pointed  out;  the  word  must  have  some  application  to  or  con- 
nection with  the  object.  For  example,  concerning  a  book,  he  may 
say  "large"  referring  to  its  size,  or  "black"  referring  to  its  color,  or 
"read"  referring  to  its  use,  or  "table"  referring  to  its  position,  or 
"yesterday"  referring  to  something  it  reminded  him  of,  etc. 

(6)  He  makes  a  statement  slowly  and  melodiously  concerning  some 
object  placed  before  him  or  pointed  out  to  him. 

(c)  He  names  the  object  he  sees  on  one  side  of  the  room,  proceeding 
systematically  from  left  to  right,  and  speaking  slowly  and  melodiously. 
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(d)  He  describes  an  object  placed  in  front  of  him,  using  single  words 
and  proceeding  systematically;  for  examjjlc,  if  a  telephone  is  placed 
before  him  he  will' first  use  words  referring  to  its  appearance,  then  to 
its  use,  then  to  its  faults,  then  to  its  historv,  etc.  He  should  always 
adopt  some  such  system  in  selecting  words. 

{e)  Same  as  (d),  but  complete  sentences  are  to  be  used  instead  of 
single  words. 

(J)  Short  sentences  are  to  be  spoken  concerning  objects  not  seen  but 
more  or  less  familiar;  for  example,  breakfast,  a  distant  city,  George 
Washington,  Atlantic  Ocean,  etc. 

(g)  A  more  extended  account  is  required  concerning  similar  objects 
as  in  (/). 

(h)  Some  or  all  of  the  preceding  exercises  are  to  be  carried  out  in 
the  presence  of  additional  people. 

(i)  When  this  can  be  done  perfectly,  the  patient  is  to  be  called  on 
to  make  short  speeches  on  any  topics  that  may  be  given  him. 

(j)  He  is  to  make  speeches  on  topics  of  his  own  choosing. 
Exercise  XIV. —  Thinking. — The  object  is  the  same  as  in  the 
preceding  exercise. 

(a)  The  name  of  an  object  is  called  out.  The  patient  calls  out  the 
name  of  some  other  object  that  suggests  itself  to  his  mind.  If  he  is  in 
doubt  what  to  say,  he  chooses  some  object  that  is  often  seen  together 
with  the  one  mentioned.  For  example,  on  hearing  the  word  "horse" 
he  replies  "cart."  This  process  is  called  "association  of  ideas."  At 
first  the  patient  is  to  associate  deliberately,  taking  as  much  time 
as  he  wishes.  He  practises  for  several  times  with  words  like  the 
following: 

hand  foot  hair 

shoe  glove  eye 

coat  sock  motor 

(6)  On  hearing  each  of  the  words  just  used,  the  patient  makes  a 
sentence  about  it.   It  does  not  matter  what  the  sentence  states. 

(c)  On  hearing  each  of  the  words  he  makes  a  sentence  defining  it. 

(d)  On  hearing  each  of  the  words,  he  states  some  fact  about  the 
object  implying  something  regarding  its  location  or  its  use,  or  some- 
thing that  preceded  it,  or  caused  it,  or  followed  it,  or  resulted  from  it, 
or  has  some  relation  to  it. 

(e)  Starting  with  any  given  word  he  lets  the  mind  bring  up  a  long 
series  of  thoughts.  These  thoughts  should  not  revolve  around  the 
original  word,  but  should  pass  away  to  other  subjects.  If  necessary 
the  rule  may  be  adopted  of  obliging  the  mind  to  leave  the  original  word 
within  three  associations. 

Exercise  XV. —  Telephoning. — (a)  The  patient  calls  someone  on  a 
private  telephone,  using  the  system  of  his  town  as  nearly  as  possible. 
He  first  calls  Central  and  then  speaks  with  the  person  desired.  He  is 
to  speak  slowly  and  melodiously. 

(b)  He  takes  the  part  of  Central  and  then  of  the  person  called  up. 

(c)  He  repeats  (a)  and  (6)  in  the  presence  of  other  people. 
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(d)  He  does  some  of  the  most  difficult  exercises  over  the  private 
telephone  with  the  instructor  or  some  other  i)erson  at  the  other  end, 

(e)  Using  the  public  telephone,  the  patient  puts  his  finger  on  the 
switch  so  that  when  he  takes  the  receiver  ott'  the  hook  the  telephone 
is  not  connected  with  Central.  Someone  sitting  beside  him  represents 
Central  and  the  person  to  whom  the  patient  wishes  to  speak.  He 
carries  out  exercises  as  on  the  private  line. 

(f)  With  the  instructor  close  beside  to  him,  the  patient  calls  up 
Central  and  then  some  friends;  if  he  has  the  slightest  hesitation  the 
instructor  will  speak  for  him. 

(g)  When  he  succeeds  perfectly  in  the  preceding,  he  tries  the 
telephone  independently.    The  instructor  is  to  criticize  his  successes. 

The  fear  of  the  telephone  is  very  marked  in  most  stutterers. 

The  foregoing  theory  of  stuttering,  the  principles  of  treatment  and 
the  exercises,  have  been  developed  in  connection  with  the  work  of  the 
Speech  Department  in  the  Vanderbilt  Clinic,  New  York  City. 

They  have  been  described  from  time  to  time  in  the  Journal  of  the 
American  Medical  Association  and  the  New  York  Medical  Record. 
The  exercises  in  their  present  form  and  part  of  the  theory  presented 
in  the  text  are  from  my  book  on  Stuttering  and  Lisjnng  (Macmillan). 
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TREATMENT  OF  DISEASES  OF  THE  CRANIAL  NERVES 
AND  ORGANIC  LESIONS  OF  THE  SPINAL  CORD 

By  COLIN  K.  RUSSEL,  M.D. 

In  considering  the  treatment  of  lesions  of  the  cranial  nerves  one  is  in 
most  cases  extremely  limited,  owing  in  the  first  place  to  their  anatomical 
relations,  most  of  the  cranial  nerves  being  intracranially  situated — and 
at  least  as  far  as  those  parts  are  concerned  which  are  most  frequently 
affected  by  disease,  local  treatment  is  excluded.  One  must  then  treat 
the  constitutional  disease  of  which  the  symptom  may  be  only  a  part,  or, 
where  possible  and  advisable,  surgical  intervention  must  be  resorted  to. 

In  order  to  direct  the  treatment  into  proper  channels  the  various 
cranial  nerves  will  be  taken  up  seriatim  with  a  brief  review  of  such  of 
their  anatomical  relations  and  of  the  lesions  which  may  cause  disturb- 
ances in  their  functions  as  may  be  necessary  for  a  consideration  of  the 
subject  in  hand.  The  reader  will  then  be  referred  where  necessary  to 
the  proper  chapters  for  the  treatment. 

THE  OLFACTORY  OR  FIRST  NERVE 

The  sensory  end  organs  of  the  olfactory  nerves  lie  in  the  Schneiderian 
membrane  on  the  upper  and  middle  turbinated  bones  and  on  the  septum. 
The  axones  from  these  cells  passing  through  the  cribriform  plate  of 
the  ethmoid  bone  divide  into  terminal  arborizations  about  the  cells  of 
the  second  relay  in  the  olfactory  bulb,  thence  these  neurones  convey 
sensations  to  the  cortical  centre,  the  uncinate  gyrus. 

Lesions  affecting  the  sense  of  smell  may  then  be  variously  situated. 
The  ordinary  acute  rhinitis  or  any  local  irritation  may  produce  a  loss 
of  smell  by  congestion  and  edema  of  the  nasal  mucous  membrane. 
Arrest  of  the  nasal  secretion  due  to  disease  of  the  fifth  nerve  may 
produce  the  same  symptom,  and  obstruction  of  the  passage  of  air  by 
polypi  may  naturally  throw  these  cells  out  of  commission.  Fracture 
or  disease  of  the  ethmoid  bone,  basal  meningitis,  or  tumors  of  the 
frontal  lobes  may  cause  an  anosmia  on  one  or  both  sides  from  pressure 
on  the  bulb  or  tract. 

Disease  in  the  neighborhood  of  the  olfactory  centre  in  the  uncinate 
gyrus  is  frequently  associated  with  peculiar  attacks  called  by  ITughlings 
Jackson  "dreamy  states,"  which  are  ushered  in  by  an  aura  of  smell, 
usually  of  an  unpleasant  nature.  The  functional  activity  of  the  centre 
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is  frequently  inhibited  in  hysteria.  Loss  of  smell  not  infrequently 
follows  severe  attacks  of  influenza  and  is  probably  dependent  rather 
on  the  condition  of  the  mucous  membrane  than  on  any  organic  lesion 
of  the  olfactory  apparatus. 

It  must  be  remembered  in  testing  the  sense  of  smell  that  the  nasal 
mucous  membrane  is  supplied  by  the  fifth  nerve  as  well  as  the  first, 
and  that  substances  must  be  properly  chosen  to  stimulate  the  olfactory 
nerves  alone.  Such  are,  oil  of  peppermint,  oil  of  cloves,  and  tincture  of 
asafetida.  Volatile  substances,  as  ammonia,  vinegar,  etc.,  cause  a  sen- 
sation by  irritating  the  mucous  membrane  and  the  terminal  end-organs 
of  the  fifth  nerve  and  not  because  they  possess  any  odorous  qualities. 

Treatment. — The  treatment  of  disturbances  of  smell  must  then  of 
necessity  be  dependent  on  the  nature  of  the  underlying  cause  and 
the  reader  is  referred  to  treatises  on  the  nose  and  its  diseases,  and 
to  the  special  chapters  dealing  with  the  surgical  treatment  of  tumors 
of  the  brain  and  fracture  of  the  skull. 

THE  OPTIC  OR  SECOND  NERVE 

The  sensory  end-organs  of  the  optic  nerve  are  situated  in  the  retina, 
their  axones  on  their  way  to  the  brain  are  gathered  together  in  the 
optic  nerve.  In  man  the  majority  of  these  decussate  in  the  chiasm  and 
terminate  in  the  basal  ganglia  of  the  opposite  side  of  the  brain.  The 
fibers  from  the  temporal  side  of  the  retina  subserving  vision  in  the 
relatively  small  nasal  field  do  not  decussate  but  run  to  the  basal  ganglia 
of  the  same  side.  The  macular  fibers  which  subserve  central  vision 
run  to  both  sides,  thus  gaining  representation  in  both  hemispheres. 
The  external  geniculate  body  appears  to  be  the  most  important  of 
the  basal  gangha  as  far  as  vision  is  concerned,  in  man  at  least;  reflex 
fibers,  however,  also  go  to  the  corpora  quadrigemina  and  the  pulvinar 
of  the  optic  thalamus.  Thence  the  next  relay  of  neurones  extends  in 
the  optic  radiations  through  the  extreme  posterior  part  of  the  internal 
capsule  back  to  the  visual  cortex  about  the  calcarine  fissure. 

Disturbances  of  vision  may  then  be  caused  by  lesions  variously 
situated,  and  the  character  of  these  disturbances  will  depend  to  a  large 
extent  on  the  site  of  the  lesion. 

Diseases  of  the  Retina. — Vascular  Diseases. — Anemia  of  the  optic 
disk  and  retina  is  found  in  severe  general  anemias,  whether  due  to  toxic 
conditions  or  repeated  hemorrhages.  Hyperemia  may  be  caused  by 
constitutional  or  local  conditions.  Among  the  former  may  be  men- 
tioned general  toxic  conditions,  chlorosis,  hypertrophied  and  over- 
acting heart,  convulsive  seizures;  it  is  always  evident  in  the  earliest 
stages  of  choked  disk.  Among  the  local  causes  is  eye-strain,  especially 
when  associated  with  hypermetropia  and  astigmatism.  The  treatment 
consists  in  the  removal  of  the  cause. 

Embolism  of  the  Retinal  Artery.— Occurs  in  ulcerative  or  vegetative 
endocanlitis,  and  while  it  is  not  a  frequent  compliction,  cases  do  occur 
associated  with  chorea.  It  is  usually  monocular.    If  the  embolus  be  large 
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enough  to  block  tlie  central  vessel  sudden  and  complete  blindness 
occurs.  If  the  embolism  be  small  enough  to  pass  into  a  branch  of  the 
artery  partial  blindness  occurs  corresponding  to  that  part  of  the  retina 
supplied  by  the  branch;  this  usually  goes  on  tf^  comjilete  blindness. 
The  absolutely  sudden  onset  of  blindness  is  characteristic.  The  oph- 
thalmoscopic appearances  are  characteristic.  The  arteries  are  empty 
and  look  like  small  white  threads,  the  veins  small  and  the  disk  pale 
and  edematous;  sometimes  small  hemorrhages  are  seen.  Atrophy  of 
the  optic  disk  and  retina  follows  rapidly. 

Treatment. — If  the  case  is  seen  immediately,  deep  massage  of  the 
eyeball  through  the  closed  lids  may  be  practised.  The  maintenance 
of  pressure  allows  a  column  of  blood  to  be  collected  behind  the  embolus, 
which,  with  the  release  of  the  pressure,  is  forced  against  the  embolus 
and  may  succeed  in  driving  it  on  into  the  most  peripheral  circulation 
or  breaking  it  up  and  thus  permit  of  its  dissemination  into  the 
general  circulation.  Repeated  paracentesis  of  the  anterior  chamber  or 
iridectomy  with  the  object  of  reducing  the  tension  has  always  been 
unsuccessful. 

The  patient  should  be  kept  in  a  recumbent  position  with  the  head 
low — care  being  taken  to  avoid  cardiac  excitement  for  fear  of  further 
emboli  being  let  loose  into  the  circulation. 

Thrombosis  of  the  Retinal  Artery. — May  give  rise  to  an  ophthalmo- 
scopic picture  identical  with  that  produced  by  embolism.  The  points 
of  differential  diagnosis  clinically  are,  previous  attacks  of  transient 
blindness  or  a  simultaneous  attack  of  blindness  in  the  opposite  eye 
and  premonitory  signs  of  faintness,  giddiness,  and  headache. 

Treatment. — The  treatment  will  consist  in  stimulating  if  possible  a 
feeble  circulation.  The  local  treatment  suggested  in  the  paragraph  on 
embolism  will  also  be  in  order. 

Retinitis. — Inflammation  of  the  retina  causes  disturbance  of  vision, 
particularly  of  the  central  acuity — ^limitations  of  the  visual  fields  or 
scotomas.  Ophthalmoscopically  it  is  characterized  b}^  diffuse  cloudi- 
ness, especially  of  the  central  portion — -there  may  be  associated  a 
marked  congestion  or  swelling  of  the  optic  disk  obscuring  its  outlines, 
constituting  a  neuroretinitis.  The  retinal  veins  become  engorged  and 
tortuous,  small  hemorrhages  may  occur,  and  a  whitish  exudate  soon 
develops  along  the  course  of  the  vessels.  Inflammation  of  the  retina 
is  seldom  a  local  afTection,  but  in  most  cases  is  due  to  a  constitutional 
disease.  Syphilis,  either  acquired  or  chronic,  may  cause  a  chronic 
diffuse  retinitis.  This  is  often  associated  with,  or  in  fact  is  probably 
secondary  to,  an  inflammation  of  the  choroid.  Albuminuria  of  preg- 
nancy, or  due  to  an  interstitial  nephritis,  either  acute  or  chronic,  is 
also  a  frequent  cause,  always  of  bad  prognostic  significance,  especially 
so  in  the  latter  case,  patients  showing  this  condition  seldom  living  more 
than  eighteen  months  to  two  years.  Diabetes  often  causes  a  very 
similar  picture. 

Treatment. — The  treatment  will  of  course  consist  primarily  in  most 
active  measures  against  the  constitutional  disease.    In  pregnancy. 
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especially  if  early  in  the  course,  abortion  must  be  seriously  considered. 
Locally  dry  cupping  or  leeches  to  the  temples  may  be  used  as  an 
adjunct.  Complete  rest  to  the  eyes'and  protection  from  strong  light 
hy  darkened  room  or  dark  glasses  is  also  necessary. 

Choked  Disk;  Papillitis;  Optic  Neuritis. — In  choked  disk  there  is 
hyperemia  and  swelling  of  the  papilla,  so  that  the  outlines  are  obscured, 
partially  in  the  mild  cases,  totally  in  the  more  advanced.  The  actual 
swelling  of  the  disk  may  measure  anywhere  from  2  to  6  diopters  or  even 
more.  The  arteries  are  small,  the  veins  engorged  and  tortuous;  the 
physiological  cupping  filled  in.  There  is  in  the  more  advanced  cases 
considerable  exudate  about  the  vessels.  Small  flame-like  hemorrhages 
are  more  or  less  frequent  in  the  neighborhood  of  the  disk. 

It  is  not  necessary  to  take  up  the  various  theories  as  to  the  methods 
of  causation  of  choked  disk.  Bordley  and  Gushing  in  their  recent  inves- 
tigations came  to  the  conclusion  that  choked  disk  is  due  to  the  me- 
chanical distention  of  the  sheath  of  Schwalbe  hy  obstructed  cerebro- 
spinal fluid.  Whether  this  is  the  true  explanation,  as  seems  most  likely, 
or  whether,  as  von  Leber  suggests,  the  optic  neuritis  is  due  to  the 
presence  of  some  supposed  irritant  in  the  fluid  distending  the  nerve 
sheath,  does  not  signify  in  this  place.  It  is  important  to  remember 
that  an  advanced  degree  of  swelling  may  exist  without  any  disturbance 
of  acuity  of  vision.  If  the  choked  disk  remain  unrelieved,  how^ever, 
secondary  atrophy  and  blindness  eventually  follow. 

Choked  disk  occurs  in  about  90  per  cent,  of  cases  of  increased  intra- 
cranial pressure  from  any  cause.  While  its  absence  does  not  exclude 
intracranial  tumor,  especially  one  of  a  very  slowly  growing  nature, 
its  presence  is  very  strong  confirmatory  evidence  of  such  a  diagnosis. 
It  is  found  also  in  cases  of  chlorosis  and  in  women  where  there  has  been 
a  suppression  of  the  menstrual  flow  following  exposure  to  cold  it  is 
said  to  occur.  Acute  rheumatism  and  the  eruptive  fevers  are  not 
infrequently  causative  agents. 

Treatment. — The  treatment  will  be  to  remove  the  cause.  In  the 
case  of  intracranial  tumors,  a  decompression  operation,  or  when  possi- 
ble removal  of  the  tumor,  will  permit  a  rapid  subsidence  of  the  swelling. 
Or  if  the  tumor  be  of  a  specific  nature  the  administration  of  antisyph- 
ilitic  remedies,  as  described  in  another  chapter,  w^ill,  as  a  rule,  reUeve 
the  condition.  It  must  be  remembered  that  choked  disk  leads  on  to 
atrophy  and  blindness,  and  palliative  measures  should  be  instituted 
before  this  occurs.  Optic  neuritis  associated  with  chlorosis  responds 
quickly  to  the  administration  of  iron,  and  that  caused  by  acute  rheu- 
matism disappears  under  salicylates.  Pilocarpine,  by  causing  profuse 
sweating,  may  be  of  aid  in  eliminating  toxins  from  the  system. 

Chronic  Retrobulbar  Neuritis;  Toxic  Amblyopia. — This  disease 
consists  of  a  true  neuritis  of  the  optic  nerve,  usually  beginning  in  the 
macular  fibers.  Ophthalmoscopically  one  sees  a  sliglit  congestion  of 
the  disk  with  a  slight  indistinctness  of  its  outlines,  and  this  condition 
may  go  on  to  atrophy.  The  etiological  factors  are:  the  abuse  of  tobacco 
or  alcohol,  usually  both,  but  the  absorption  of  other  toxic  substances, 
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such  as  lead,  the  methyl  compounds,  bisulphide  of  carbon,  dinitrobenzol 
(used  m  making  explosives),  will  also  cause  a  similar  condition.  Cases 
have  been  reported  following  the  inhalation,  over  long  periods,  of  the 
fumes  from  methyl  alcohol. 

The  patient  complains  of  a  blurring  of  vision  like  a  mist  covering 
all  objects,  especially  in  a  bright  light.  Central  vision  is  particularly 
affected,  giving  rise  to  a  central  scotoma  more  marked,  at  least  in  the 
early  stages,  for  color  than  for  form.  In  the  later  stages  the  loss  of 
central  vision  becomes  absolute  and  the  size  of  the  scotoma  increases. 
The  affection  of  vision  is  always  binocular.  The  progress  of  the  dis- 
ease is  slow,  occupying  weeks  or  months. 

Treatment. — The  treatment  consists  in  putting  a  stop  to  the  use  of 
the  poison  in  question;  the  administration  of  potassium  iodide  may 
aid  in  its  elimination.  Strychnine  given  hypodermically,  dry  cupping 
of  the  temples  and  the  nitrites  have  all  been  recommended.  Galvanic 
electricity  and  the  high  frequency  current  applied  to  the  temples  are 
said  to  stimulate  the  retinal  elements  to  activity. 

Acute  Retrobulbar  Neuritis— Acute  retrobulbar  neuritis  occurs  in 
the  course  of  disseminated  sclerosis  in  about  40  per  cent,  of  the  ca^ses. 
It  is  due  simply  to  a  lesion  of  the  disease  happening  to  strike  the  optic 
nerve.  It  rapidly  goes  on  to  a  partial  atrophy  with  pallor  of  the  tem- 
poral side  of  the  disk,  seldom  leading  to  complete  blindness.  There  is, 
however,  an  impairment  of  the  acuity  of  vision  with  a  permanent 
central  scotoma. 

Treatment. — Dry  cupping  or  leeches  to  the  temples  have  been  recom- 
mended ;  it  is  doubtful  how  much  influence  they  will  have.  Pilocarpine 
sweats  may  aid  in  eliminating  the  toxic  cause  of  the  disease. 

Optic  Atrophy. — Atrophy  of  the  optic  nerve  may  be  either  a  primary 
process  or  secondary  to  an  optic  neuritis.  The  ophthalmoscopic  picture 
differs  considerably,  especially  in  recent  cases,  but  in  cases  of  longer 
standing  the  differentiation  is  sometimes  difficult.  In  both  cases  the 
disk  is  white,  perhaps  more  of  a  chalky  whiteness  in  the  primary  form. 
Its  outlines  are  always  very  distinct  in  the  primary  form,  w^hile  they 
may  be  slightly  clouded  in  recent  cases  secondary  to  a  papillitis.  The 
vessels,  both  veins  and  arteries,  are  small  in  the  primary  while  in  post- 
neuritic atrophy  the  arteries  are  small  and  the  veins  are  enlarged  and 
somewhat  tortuous.  But  the  most  important  differential  feature  is 
the  appearance  of  the  physiological  cupping  which  has  a  filled-in  appear- 
ance in  the  post-neuritic,  while  in  the  primary  form  the  cupping  appears 
hollowed  out,  showing  the  laminfe  cribrosa.  In  the  partial  atrophy 
following  retrobulbar  neuritis  the  temporal  side  of  the  disk  may 
alone  show  the  pallor;  the  cupping,  however,  has  a  partly  filled-in 
appearance. 

With  atrophy  of  the  optic  nerve  there  must  necessarily  always  be 
impairment  of  a'cuity  of  vision  depending  in  its  degree  on  the  com])lete- 
ness  of  the  atrophy.  Thus  in  that  form  consequent  upon  a  retrobulbar 
neuritis  complete  blindness  seldom  supervenes;  other  forms  of  atrophy 
usually  go  on  to  absolute  loss  of  sight. 
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Treatment. — The  treatment  in  either  case  must  be  prophylactic 
which  in  the  secondary  form  means  of  course  the  rehef  of  the  papilhtis 
before  atrophy  has  set  in.  Either  by  decompression  in  the  case  of 
increased  intracranial  pressure  or  b}'  energetic  measures  in  the  case 
of  constitutional  disease. 

Primary  optic  atrophy  comes  on  in  the  course  of  tabes  dorsalis  and 
as  one  evidence  of  an  abiotrophic  condition  Is  sometimes  associated 
with  various  forms  of  Friedreich's  ataxia  and  other  degenerative  con- 
ditions, or  may  occur  as  the  only  evidence,  usually  in  such  cases.  I 
have  a  case  in  my  clinic  at  the  Royal  Victoria  Hospital,  several  mem- 
bers of  whose  family  are  similarly  affected,  the  condition  appearing 
at  about  the  same  time  of  life  in  each  case.  To  prevent  optic  atrophy 
in  tabes  one  must  guard  against  any  habitual  undue  strain  of  vision 
either  from  the  use  of  the  eyes  in  poor  light  or  subjecting  them  to  a 
strong  glare  of  light  over  any  prolonged  period.  I  have  seen  optic 
atrophy  develop  in  a  man,  the  subject  of  syphilis  of  some  years'  standing, 
after  a  prolonged  exposure  to  the  glare  of  the  sunlight  on  the  snow, 
and  Edinger  reports  similar  cases.  It  is  well  then  to  advise,  under 
such  conditions,  the  use  of  smoked  glasses,  the  correction  of  any  errors 
of  refraction,  and  to  strive  in  every  way  to  prevent  exhaustion  of  the 
optic  nerve  neurones.  In  the  abiotrophic  conditions  the  same  advice 
would  hold  good.  X-ray  treatment  applied  to  the  temples  might 
stimulate  temporarily  the  retinal  elements,  but  it  could  only  be  of  the 
nature  of  a  whip  to  the  tired  horse  and  the  effect  would  soon  disappear. 
Once  the  atrophy  has  developed  it  is  beyond  our  power  to  alleviate 
the  condition. 

It  is  only  necessary  to  mention  the  results  of  lesions  of  various  parts 
of  the  optic  nerve  and  tract  in  order  to  direct  the  reader  to  the  proper 
chapter  for  their  consideration  from  the  point  of  view  of  treatment. 
A  lesion  of  one  optic  nerve  will  cause  blindness  of  the  corresponding 
eye.  If  the  lesion  be  in  the  chiasm  it  will  produce  a  bitemporal  hemi- 
anopsia, and  if  in  the  tract  on  one  side  a  homonymous  hemianopsia, 
but  as  fibers  from  the  macular  regions  of  either  eye  are  represented  in 
both  tracts  central  vision  will  be  spared.  The  optic  nerve,  as  has  been 
mentioned,  contains  also  reflex  fibers.  The  reflex  arc,  with  the  third 
and  sympathetic  nerves,  governing  the  movement  of  the  pupil,  is 
probably  by  way  of  the  region  of  the  corpora  quadrigemina  so  that 
with  a  lesion  of  the  optic  nerve  causing  blindness,  if  light  be  thrown 
into  the  pupil  of  the  blind  eye  the  pupil  does  not  react;  whereas  if  light 
be  thrown  into  the  good  eye  the  pupil  of  the  blind  eye  contracts  per- 
fectly. With  a  lesion  of  the  optic  tract,  besides  the  hemianopsia  above 
mentioned,  there  is  also  an  interference  with  these  reflex  fibers  so  that 
if  a  ray  of  light  be  thrown  on  the  blind  side  of  the  retina  no  reaction 
of  the  pupil  takes  place.  This  must  be  done  with  care  as  of  course 
any  stimulation  of  the  healthy  side  of  the  retina  will  cause  a  reaction 
of  the  pupil.  Such  a  hemiopic  pupillary  inaction  denotes  a  lesion  in  the 
optic  tract  or  basal  ganglia  and  will  not  be  present  if  the  lesion  be  in 
the  optic  radiation  or  occipital  cortex. 
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OCULAR  MOTOR  OR  THIRD,  FOURTH,  AND  SDCTH  CRANIAL 

NERVES 

The  motor  nerves  of  the  eye  are:  (1)  The  third  or  oculomotor, 
wliich  suppUes  the  levator  palpebrse,  the  ciliary  and  constrictor  of 
the  pupil,  superior  internal  and  inferior  recti,  and  inferior  oblique. 
(2)  The  fourth  or  trochlearis  supplies  the  superior  oblique.  {'.])  The 
sixth  or  abducens  supplies  the  external  rectus.  (4)  The  sympathetic 
coming  from  the  cavernous  plexus  of  sympathetic  nerves  originates 
in  the  cervical  cord  and  supplies  the  dilator  pupillse,  Miiller's  muscle 
and  the  vessels  of  the  orbit. 

Anatomical  Relations. — In  order  to  take  up  the  treatment  of  lesions 
of  these  nerves  rationally  and  to  direct  therapeutic  procedures  along 
proper  avenues,  we  must  refer  briefly  to  their  anatomical  and  physio- 
logical relations. 

Third  Nerve. — The  third  nerve,  taking  its  origin  from  groups  of  cells 
in  the  floor  of  the  aqueduct  of  Sylvius,  sends  its  fibers  in  several  small 
bundles  through  the  crus  cerebri;  these  pass  through  the  red  nucleus 
on  their  way,  and  leaving  the  brain  at  the  anterior  edge  of  the  pons, 
where  they  are  gathered  together  into  one  bundle,  pass  along  the  outer 
wall  of  the  cavernous  sinus  and  enter  the  orbit  through  the  sphenoidal 
fissure.  It  would  appear  that  each  of  these  groups  of  cells  forming  the 
nucleus  represents  an  individual  muscle  so  that  lesions  in  the  neighbor- 
hood of  the  nucleus  or  the  bundles  of  fibers  as  they  pass  through  the 
tegmentum  of  the  pons  may  pick  out  only  certain  groups  causing  a 
paralysis  of  only  some  of  the  individual  muscles  supplied  by  the  nerve. 
Lesions  of  cerebral  peduncle  involving  the  third  nerve  will  therefore 
cause  paralysis  of  the  ocular  muscles  on  the  side  of  the  lesion,  and  by 
the  destruction  of  the  pyramidal  tracts  before  their  crossing  will  there- 
fore give  rise  to  a  spastic  paralysis  of  the  limbs  of  the  opposite  side — 
Weber's  syndrome.  (Plate  XXXIX,  Fig.  1.)  On  the  other  hand,  lesions 
occurring  after  its  exit  from  the  pons  are  usually  associated  with  dis- 
turbances in  function  of  all  the  muscles  supplied. 

Fourth  Nerve. — The  fourth  nerve,  arising  from  a  similar  group  of 
cells,  lying  a  little  more  caudalward  in  the  floor  of  the  a  queduct,  sends 
its  fibers  posteriorly  where  they  decussate  in  the  roof  of  the  aqueduct 
of  Sylvius  at  the  level  of  the  posterior  corpora  quadrigemina  and 
come  to  the  surface  on  the  posterior  surface  of  the  superior  cerebellar 
peduncle.  It  then  winds  around  the  crusta  of  the  midbrain  and  runs 
with  the  third  nerve  along  the  outer  surface  of  the  cavernous  sinus, 
passing  into  the  orbit  through  the  sphenoidal  fissure. 

Sixth  Nerve. — The  sixth  nerve  arises  from  the  floor  of  the  fourth 
ventricle  near  the  median  line  and  runs  in  a  few  scattered  bundles  in 
an  anterior  direction  through  the  lower  part  of  the  pons,  making  its 
exit  in  the  groove  between  the  pons  and  medulla.  Its  course  thence 
to  the  sphenoidal  fissure,  where  it  enters  the  orbit,  is  almost  directly 
forward  and  in  many  cases  at  least  it  underlies  the  lateral  branches 
of  the  basilar  artery. 


PLATE 


XXXIX 


Fig.  3 


Paralysis  of  the  Fourth  Nerve. 
Inabihty  to  look  down.  It  will 
be  noted  that  as  the  eyeball  does 
not  turn  downward  the  eyelid 
does  not  descend,  at  the  same 
time  the  patient  can  close  his 
«yes  when  told  to  do  so. 


Fig.  4- 


Paralysis  of  the  Fourth  Nerve. 
The  same  patient  closing  his 
eyes  to  command. 
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The  nuclei  of  these  nerves  are  till  in  close  touch  with  each  otlier  and 
with  other  nuclei,  especially  Deiters'  nucleus  of  the  eighth  nerve  and 
witli  the  facial  by  means  of  association  fibers  which  run  in  the  posterior 
longitudinal  bundle. 

Ocular  Paralyses. — Paralysis  of  the  third  nerve  will  give  rise  to 
ptosis  or  drooping  of  the  lid  with  dilatation  of  the  pupil  and  a  divergence 
of  the  eyeball  outward  and  in  a  slightly  downward  direction  owing  to 
the  unopposed  action  of  the  external  rectus  and  superior  oblique.  (Plate 
XXXIX,  Fig.  2.)  On  the  patient  attempting  to  look  at  any  object 
there  will  be  noticed  a  contraction  of  the  occipitofrontalis  and  an 
elevation  of  the  eyebrow^  in  an  attempt  to  overcome  the  ptosis.  The 
patient  will  complain  of  double  vision  and  frequently  of  vertigo  and 
nausea  on  attempting  to  use  the  eyes.  On  examination  there  is  also 
inability  to  move  the  eye  in  an  inward,  upward,  or  downward  direction. 

Paralysis  of  the  fourth  nerve  causes  slight  impairment  in  dow^nward 
movement  of  the  eye,  and  owing  to  the  uncontrolled  action  of  the 
inferior  rectus  the  eyeball  turns  inward  slightly.  (Plate  XXXIX,  Figs. 
3  and  4.)  This  lesion  gives  rise  to  diplopia  in  the  lower  half  of  the 
fields,  usually  most  noticed  in  going  down  stairs. 

Lesions  of  the  sixth  nerve  give  rise  to  a  paralysis  of  outward  move- 
ment. The  eyeball,  owing  to  the  unopposed  action  of  the  internal 
rectus,  turns  inward,  causing  diplopia.   (Plate  XL,  Fig.  1.) 

Lesions  of  the  cervical  sympathetic,  by  paralyzing  Miiller's  muscle, 
cause  a  retraction  of  the  eyeball  with  narrowing  of  the  palpebral  fissure. 
The  pupil,  owing  to  the  action  of  the  unopposed  sphincter  pupillse,  is 
contracted. 

The  normal  pupil  reacts  to  light  and  to  accommodation,  but  under 
certain  circumstances  disturbances  of  these  reactions  occur.  Some 
have  already  been  mentioned,  but  the  most  common  is  known  as  the 
Argyll-Robertson  pupil.  In  this  the  pupil  retains  its  reaction  to  accom- 
modation but  does  not  react  to  light.  This  condition  is  practically 
pathognomonic  of  syphilis  of  the  nervous  system  and  is  due  to  a  break 
somewhere  in  the  reflex  arc.  The  exact  mechanism  of  its  production 
is  not  of  importance  here  as  there  is  no  known  method  of  affecting  it 
by  treatment,  but  its  presence  should  direct  one's  attention  to  the 
underlying  constitutional  disease  and  one's  efforts  into  the  proper 
channels. 

Of  the  paralyses  affecting  the  external  ocular  muscles  that  of  the 
external  rectus  is  by  far  the  most  frequent.  The  long  and  direct  course 
of  the  sixth  nerve  exposes  it  to  injury  to  a  greater  extent  than  is  the 
third  nerve.  The  fourth  nerve  is  seldom  affected.  The  same  causes 
which  produce  oculomotor  paralysis  may  cause  sixth  nerve  paralysis. 
Thus  basal  meningitis,  syphilitic,  tuberculous,  or  simple,  may  affect 
any  or  all  of  these  nerves;  tumors  of  the  base  likewise  may  involve  any 
one  of  them.  Abducens  paralysis  also  occurs  frequently  associated 
with  conditions  of  increased  intracranial  pressure  without  having  any 
localizing  significance.  This  is  explained  by  Collier  as  follows:  The 
course  of  the  sixth  nerve,  from  its  exit  from  the  pons  to  the  sphenoidal 
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fissure,  is  directly  forward.  A  cerebral  neoplasm,  in  order  to  make  room 
for  its  growth,  has  a  tendency  to  force  the  brain  back  through  the  ouly 
opening  there  is,  namely,  the  foramen  magnum.  Thus  a  backward 
pull  on  the  sixth  nerve  is  set  up,  usually  more  on  one  side  than  the 
other,  and  a  paresis  follows.  Gushing,  on  the  other  hand,  believes 
|the  frequent  involvement  of  the  sixth  nerve  in  these  cases  is  due  to 
pressure  on  the  nerve  by  the  lateral  branches  of  the  basilar  artery 
rendered  tense  and  hard  by  the  arterial  hypertension  which  may  be 
secondary  to  the  increased  intracranial  pressure. 

Fractures  of  the  base  of  the  cranium  may  also  involve  these  nerves. 
Vascular  lesions  of  the  pons,  either  thrombosis  or  hemorrhage,  involve 
the  third  more  frequently  than  the  others,  and  by  affecting  one  group 
of  cells  of  the  nucleus,  or  one  bundle  of  fibers,  may  cause  paralysis  of 
certain  members  only  of  the  group  of  muscles  supplied  by  it.  In  recent 
epidemics  of  acute  poliomyelitis  many  cases  have  occurred  in  which 
a  condition  of  polioencephalitis  superior  involving  the  nuclei  of  these 
nerves  gave  rise  to  a  paralysis  more  or  less  permanent.  Among  the  etio- 
logical factors  less  serious  as  far  as  the  ocular  paralyses  is  concerned, 
are,  multiple  sclerosis,  diphtheria,  ptomain  poisoning,  influenza,  and 
exposure  to  cold. 

Treatment  of  Ocular  Paralyses. — In  all  cases  the  first  essential  is 
to  remove  the  cause;  in  the  case  of  an  intracranial  neoplasm  either 
the  removal  of  the  tumor,  when  this  is  possible,  or  a  simple  decom- 
pressive operation,  if  done  early  enough,  will  quickly  relieve  an  abducens 
paralysis  which  has  not  been  caused  by  actual  involvement  of  the 
nerve  in  the  growth.  In  the  case  of  an  underlying  constitutional  dis- 
tabes  and  syphilis,  the  treatment  is  described  elsewhere.  In 
acute  cases  the  result  is  usually  good.  It  is  only  necessary  here  to 
mention  the  direct  symptomatic  treatment.  Gowers  recommends  the 
employment  of  counterirritants  if  the  onset  be  acute  or  subacute,  or 
if  the  other  symptoms  suggest  inflammation;  a  blister  being  placed 
behind  the  ear  or  at  the  occiput  when  the  disease  is  probably  at  the 
base  of  the  brain,  on  the  temple  if  it  is  in  the  orbit.  This  treatment 
is  often  followed  by  a  striking  increase  in  the  power  of  the  affected 
muscle.  Salicylates  and  diaphoretics  are  indicated  in  rheumatic  cases 
and  those  following  exposure  to  cold,  and  hot  fomentations  also  should 
be  applied  to  the  forehead  and  about  the  orbit.  In  most  cases  of  local 
neuritis  mercury  is  also  indicated,  even  when  there  is  no  indication 
that  the  condition  is  due  to  syphilis,  it  being  a  most  efficient  agent. 
Ocular  palsies  resulting  from  diphtheria,  influenza,  multiple  sclerosis, 
and  ptomain  poisoning  are,  as  a  rule,  not  permanent ;  the  latter  especially 
are  of  short  duration.  Tonic  treatment  is  indicated.  Direct  treatment 
with  electricity  is  impossible;  even  under  cocaine  the  muscles  cannot  be 
satisfactorily  stimulated,  and  repeated  treatments  would  very  soon 
endanger  the  eye.  The  galvanic  current  would  be  the  only  one  of  any 
use,  but  to  give  it  in  sufficient  strength  to  stimulate  the  muscle  to 
action  is  quite  impractical. 

The  diplopia  due  to  the  partial  paralysis  of  a  muscle  may  be  relieved 
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by  exercises  in  following  a  moving  object  with  the  eye  or  by  the  use 
of  a  prism,  which  should  never  be  quite  strong  enough  to  completely 
correct  the  diplopia,  as  that  would  do  away  with  all  voluntary  effort 
on  the  part  of  the  paralyzed  muscle.  The  prism  to  be  beneficial  should 
just  be  strong  enough  to  permit  fusion  of  the  images  by  muscular  action, 
and  should  be  used  for  an  hour  or  so  each  day.  Such  gymnastic  exer- 
cises often  give  very  satisfactory  results. 

If  the  paralysis  is  stationary  and  has  remained  so  for  many  months 
one  might  relieve  the  condition  by  the  advancement  of  the  tendon 
of  the  paretic  muscle  if  the  paralysis  is  only  partial,  but  apart  from 
this,  operative  interference  is  not  advisable,  save  only  when  contractures 
have  developed  in  the  antagonistic  muscle  and  the  paralyzed  muscle 
has  regained  power  but  cannot  work  against  the  shortening  of  its 
opponent. 

The  suggestion  of  the  advancement  of  another  muscle  in  the  same 
eye,  as,  for  example,  the  superior  rectus  where  the  inferior  oblique  is 
paralyzed,  does  not  seem  rational.  The  action  of  these  two  muscles 
is  not  identical  and  cannot  be  made  so,  and  to  bring  the  images  closer 
together  than  formerly,  as  a  result  of  such  advancement,  is  not  to 
relieve  the  condition  one  iota.  Tenotomy  of  an  associate  muscle  in 
the  fellow  eye,  as,  for  instance,  the  external  rectus  of  one  eye  when 
the  internal  rectus  of  the  other  is  paralyzed,  and  so  on,  is  said  to  give 
very  good  results,  but  most  patients  will  probably  prefer  to  have  one 
normal  eye  and  cover  the  other  with  a  patch  or  ground  glass. 

Nystagmus. — Is  the  name  given  to  the  condition  in  which  the  eyes 
are  affected  by  peculiar  rhythmical,  jerky  movements  usually  bilateral 
and  similar  in  each  eye,  produced  by  alternating  contractions  of  oppos- 
ing muscles.  To  be  pathological  it  must  be  more  than  a  mere  tremor. 
Nystagmus  occurs  normally  under  certain  conditions,  as  when  one 
looks  out  of  the  window  of  a  rapidly  moving  train  at  the  nearby  scenery; 
pathologically  it  is  caused  by  local  affections  of  the  eye  which  interfere 
with  sight.  It  is  frequently  congenital,  usually  associated  with  very 
marked  errors  of  refraction.  It  occurs  also  in  miners  and  apparently 
is  due  to  their  occupation — working  in  the  dark  in  cramped  positions. 
It  does  not  occur  nearly  so  frequently  in  well -lighted  mines.  It  occurs 
also  in  disseminated  sclerosis,  Friedreich's  ataxia,  and  especially  in 
lesions  of  the  cerebellum. 

The  movement  is  practically  always  bilateral — usually  horizontal, 
but  sometimes  vertical  or  rotary.  It  is  sometimes  associated  with  a 
slight  movement  of  the  head  corresponding  to  that  of  the  eyes  in  time 
and  direction. 

Treatment.^ — The  treatment  is  to  remedy  when  possible  any  defect 
of  vision.  Miners  should  be  advised  to  change  their  occupation,  or 
at  least  they  should  have  better  light  at  their  work.  When  associated 
with  a  lesion  of  the  cerebellum  it  may  be  an  aid  in  localization,  but  in 
itself  will  not  call  for  special  treatment. 

The  Trigeminal  or  Fifth  Nerve.  -  Anatomical  Relations. — The  trigemi- 
nal or  fifth  nerve  is  the  great  sensory  nerve  of  the  face  and  motor 
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nerve  to  the  muscles  of  mastication.  The  sensory  portion  corresponds 
to  the  posterior  sensory  roots  of  the  spinal  cord  and  is  divided  into 
three  branches. 

1.  The  Ophthalmic  Nerve  or  Superior  Branch.— The  ophthalmic  or 
superior  branch,  making  its  exit  into  the  orbit  through  the  sphenoidal 
fissure,  supplies  the  skin  over  the  upper  eyelid  and  upper  part  of  the 
nose,  and  passing  through  the  supra-orbital  foramina  supplies  the  fore- 
head and  front  part  of  the  head;  it  supples  also  the  tear  ducts  and  glands. 
Paralysis  of  this  branch  gives  rise  to  loss  of  sensibility  in  the  region 
supplied  and  to  dryness  of  the  eye. 

2.  The  Superior  Maxillary  or  Middle  Division. — The  superior  maxillary 
or  middle  division  sends  a  branch  to  the  meninges.  It  then  makes  its 
exit  from  the  skull  through  the  foramen  rotundum,  supplies  the  lower 
eyelid,  cheek,  and  side  of  the  nose,  the  nasal  mucous  membrane,  the 
upper  lip,  and  the  upper  jaw  with  the  teeth.  Paralysis  causes  loss  of 
sensation  over  these  parts  and  dryness  of  the  nasal  mucous  membrane. 

3.  The  Inferior  Maxillary  or  Inferior  Branch. — The  inferior  maxillary, 
or  inferior  branch  exits  from  the  skull  through  the  foramen  ovale  and 
supplies  a  part  of  the  meninges,  the  lower  part  of  the  cheek  about  the 
mouth,  the  lower  lip,  chin,  lower  teeth  and  gums,  part  of  the  mucous 
membrane  of  the  mouth  and  of  the  salivary  glands.  Paralysis  will 
cause  loss  of  sensation  over  the  above  parts  and  lessened  secretion 
from  the  salivary  glands  on  this  side. 

The  cells  of  origin  of  the  trigeminal  nerve  are  in  the  Gasserian 
ganglion,  which,  lying  in  a  depression  in  the  middle  fossa  of  the  cranial 
cavity  near  the  apex  of  the  petrous  portion  of  the  temporal  bone, 
corresponds  to  the  posterior  ganglia  of  the  spinal  sensory  roots.  Its 
inferior  division  after  leaving  the  ganglion  and  emerging  from  the 
foramen  ovale  joins — like  the  spinal  roots — with  the  so-called  motor 
branch  of  the  fifth  nerve.  From  this  points  on  it  is  a  mixed  nerve,  the 
motor  fibers  supplying  the  pterygoids,  the  masseters,  and  temporal 
muscles — the  muscles  of  mastication.  A  lesion  of  the  motor  branch 
of  the  nerve  is  easily  recognized  clinically  if  the  fingers  be  placed  on 
the  masseters  or  temporal  muscles  and  the  patient  be  asked  to  close 
the  jaws  forcibly  and  equally.  The  lessened  amount  of  contraction  or 
the  absence  of  it  in  the  affected  muscles  is  obvious.  If  the  mouth  be 
widely  opened  the  jaw  will  deviate  to  the  affected  side  owing  to  the 
paralysis  of  the  pterygoid  muscles.  (Plate  XL,  Fig.  2.)  The  lingual 
branch  of  the  division  supplies  the  mucous  membrane  of  the  tongue 
and  conveys  in  its  sheath  fibers  from  the  taste  papillae  of  the  anterior 
two-thirds  of  the  tongue;  these  taste  fibers  leave  the  lingual  nerve  in 
the  chorda  tympani  which  joins  with  the  seventh  nerve  and  prob- 
ably conveys  these  fibers  to  the  brain  in  the  pars  intermedia  of  that 
nerve,  ending  in  the  fasciculus  solitarius  along  with  fibers  of  the 
glossopharyngeal  nerve  from  the  taste  papillae  in  the  posterior  third  of 
the  tongue. 

The  proximal  root  of  the  Gasserian  ganglion  enters  from  the  side  of 
the  pons  nearer  its  upper  than  its  lower  border  and  terminates  in  an 


PLATE  XL 

Fig.  1 


External  Rectus  Palsy  due  to  a  Lesion  ol  the  Sixth  Nerve. 


Fig.  2 


Paralysis  of  Both  the  Motor  and  Sensory  Fifth.  Trophic  Ulcer  of  the  Right 
Eye,  and  Deviation  of  tlie  Jaw  to  the  Paralyzed  Side  on  Opening  the 
Mouth. 
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ascending  and  a  descending  root  about  cells  in  the  substantia  gelatinosa, 
corresponding  to  the  termination  of  the  posterior  spinal  roots.  The 
motor  root  takes  origin  from  a  nucleus  just  internal  to  the  substantia 
gelatinosa  at  the  level  of  exit  of  the  nerve.  It  has  been  necessary  to 
go  into  the  anatomical  relations  and  the  physiological  functions  of  the 
nerve  in  some  detail  as  modern  treatment  of  some  of  its  lesions  requires 
this  knowledge. 

Etiology. — Lesions  causing  disturbance  of  function  of  the  fifth  nerve 
may  be  (1)  in  the  pons — and  may  be  either  of  vascular  origin — whether 
hemorrhage  or  softening,  or  from  involvement  of  tumor  growth,  foci 
of  sclerosis  in  multiple  sclerosis,  or  foci  of  inflammation  in  polioenceph- 
alitis. In  these  cases  either  the  nucleus  of  the  nerve  or  its  fibers  may 
be  involved. 

2.  At  the  base  of  the  brain  the  nerve  root  may  be  involved  by  syph- 
ilitic meningitis,  tumors,  or  from  hemorrhage  secondary  to  a  fracture 
of  the  base  either  in  the  middle  or  posterior  fossa. 

3.  Each  branch  of  the  nerve  may  be  damaged  by  special  lesions, 
growths  of  the  pituitary  gland,  or  an  aneurysm  of  the  carotid  may 
aft'ect  the  superior  branch,  and  tumors  of  the  sphenomaxillary  fossa 
may  involve  the  second  and  third  divisions.  Primary  neuritis  of  the 
fifth  nerve  is  relatively  rare;  gout  and  syphilis  may  be  predisposing 
causes. 

Paralytic  Conditions  of  Fifth  Nerve. — Symptoms. — The  symptoms  of 
paral^'sis  of  the  nerve  have  been  discussed  under  the  respective  branches. 
Neuralgic  pains  often  precede  the  paralysis,  when  the  lesion  is  caused 
by  the  irritation  of  a  new  growth,  the  duration  of  this  irritative  stage 
will  of  course  depend  on  the  rapidity  of  growth  and  involvement  of 
the  nerve. 

Treatment.— The  treatment  of  paralytic  conditions  of  the  fifth  nerve 
will  of  course  depend  on  the  cause,  but  much  can  be  done  to  alleviate 
suffering  from  the  local  condition  produced.  For  example,  when  the 
superior  branch  is  involved,  great  care  should  be  taken  of  the  eye;  the 
lacrymal  secretions  may  be  much  lessened,  and  besides  the  consequent 
drvTiess  there  is  a  tendency  to  ulceration  of  the  cornea  from  the  loss 
of  its  trophic  nerve  supply,  and  as  the  conjunctiva  ^vill  be  insensitive 
the  patient  has  no  knowledge  of  the  presence  of  small  foreign  bodies 
on  its  surface.  It  is  necessary,  then,  not  only  to  protect  the  eye  against 
the  entrance  of  particles  of  dust  and  so  forth,  but  by  means  of  simple 
lotions,  e.  g.,  acid,  boric,  sod.  bibor.,  aa  gr.  vj  (0.4);  aquae  camphors, 
Sj  (.30.0),  to  keep  the  conjunctiva  frequently  moistened  and  to  wash 
out  any  foreign  particles  that  may  have  gained  access.  Gowers  recom- 
mends the  occasional  application  of  a  drop  of  castor  oil  to  the  con- 
junctiva to  aid  the  subsidence  of  a  beginning  infection.  The  success 
of  all  such  measures,  however,  as  he  points  out,  will  depend  on  the 
degree  of  irritation  of  the  nerve.  When  intense  the  rapid  inflammation 
baffles  every  attempt  to  arrest  it,  and  one  must  beware  of  a  secondary 
infection  of  the  other  eye. 

When  the  middle  and  inferior  branches  are  affected  with  loss  of 
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sensibility  in  the  mucous  membrane  of  the  cheek  and  in  the  side  of 
the  tongue  a  cleansing  mouth  wash  is  very  necessary  to  remove  the 
furring  that  collects  from  disuse  of  the  insensitive  side  of  the  mouth 
in  chewing.  The  inside  of  the  cheek  when  insensitive  may  be  inadver- 
tently bitten  and  such  wounds  are  slow  to  heal  owing  to  the  loss  of 
trophic  impulses. 

Neuralgia  in  Region  of  Fifth  Nerve.— Neuralgia  in  the  region  of  the 
fifth  nerve,  facial  neuralgia,  and  trigeminal  neuralgia  are  synonymous. 
The  term  tic  douloureux  is  reserved  for  p  particular  variety  of  the 
disease. 

Etiology. — Facial  neuralgia  is  a  not  uncommon  affliction,  especially 
in  adult  life.  It  is  usually  seen  in  neurotic  individuals;  gout  and  rheu- 
matism are  often  predisposing  factors,  chlorosis  also,  and  in  general 
any  morbid  cause  capable  of  enfeebling  the  organism.  It  frequently 
follows  exposure  to  cold.  Chronic  toxic  influences,  as  in  poisoning  by 
alcohol,  lead,  and  malaria,  are  sometimes  of  etiological  importance, 
as  are  also  some  of  the  acute  infections,  as  influenza. 

Local  causes  capable  of  producing  facial  neuralgia  are  numerous. 
Disease  of  the  meninges — it  may  be  syphilitic — disease  or  injury  of 
the  base  of  the  skull  or  of  the  bones  of  the  face  in  the  neighborhood 
of  the  branches  of  the  nerve,  may  by  involving  or  compressing  it,  pro- 
duce neuralgia.  Its  long  course  through  bony  canals  and  the  superficial 
position  of  the  terminal  branches  expose  it  to  many  and  various  sources 
of  injury  and  disease.  Dental  caries,  alveolar  abscess,  inflammation 
of  the  mucous  membrane  linings  of  the  various  air  spaces,  all  may  set 
up  severe  pain  in  the  region  of  the  branch  of  the  fifth  nerve  supplying 
the  part,  with  not  infrequently  referred  pain  in  the  regions  of  the  other 
branches.  The  pains  of  tabes  occasionally  occur  in  the  territory  of  the 
fifth  nerve,  probably  secondary  to  an  inflammation. 

Symptoms. — Pain  is  the  essential  and  often  the  only  symptom  of 
facial  neuralgia.  Preceded  sometimes  by  a  prodromal  paresthesia  this 
pain  may  be  mild  at  the  onset  and  gradually  become  accentuated  or  it 
may  start  in  at  its  maximum  intensity.  It  is  rare,  save  in  syphilitic 
cases,  that  both  sides  of  the  face  are  affected,  and  only  exceptionally 
are  all  branches  of  the  nerve  on  one  side  the  seat  of  pain.  In  such 
cases  the  pain  is  usually  fairly  continuous,  often  not  very  severe  but 
insupportable  on  account  of  its  persistence. 

Tic  douloureux,  as  a  rule,  affects  older  people  and  is  often  associated 
with  marked  arteriosclerosis.  It  comes  on  in  paroxysms  often  of  extreme 
intensity,  lasting,  as  a  rule,  only  a  moment,  but  repeated  Avith  great 
frequency;  starting  from  one  point  and  radiating  to  the  periphery  of 
that  branch,  it  often  passes  over  to  other  branches.  Any  movement 
of  the  face  in  speaking  or  eating,  any  draught  of  air,  or  any  touch  may 
be  sufficient  to  bring  on  the  pain.  Immediately  there  is  a  reflex  spasm 
of  the  muscles  of  the  face,  the  skin  flushes,  the  eye  may  become  injected, 
the  secretions  from  the  lacrymal  glands  and  nasal  mucous  membrane 
are  usually  increased,  and  the  skin  is  left  exceedingly  h^peresthetic, 
especially,  as  Valliere  observed,  over  the  points  where  the  nerves  pass 
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out  of  the  bony  canals  to  lie  superficially.  This  condition  of  affairs 
may  last  anywhere  from  a  few  days  to  many  years,  with  more  or  less 
short  intervals  of  comfort,  if  it  might  be  so  described,  when  the  patient 
has  the  constant  fear  of  a  recurrence  of  the  pain  hanging  over  him, 
although  some  patients  do  get  \vell  spontaneously. 

Pathology. — As  a  rule  there  does  not  appear  to  be  much  evidence 
of  pathological  changes  to  be  found  in  the  nerve  or  its  ganglion;  some- 
times a  sclerotic  condition  of  the  ganglion  betokens  a  former  low  grade 
of  inflammation,  in  other  cases  Dana  has  found  an  obliterating  end- 
arteritis of  the  vessels  of  the  nerve  itself,  causing  defective  nutrition 
of  the  nerve  accompanied  by  vascular  spasm. 

Diagnosis. — Diagnosis  is,  as  a  rule,  not  difficult;  in  the  symptomatic 
group  the  local  cause  is,  as  a  rule,  obvious,  and  one  must  direct  one's 
energies  against  it;  especially  in  syphilis  and  malaria  is  treatment 
rapidly  efficacious. 

Treatment. — To  relieve  the  acute  pain  a  counterirritant  paint  of 
equal  parts  of  chloral  hydrate  and  camphor,  painted  on  carefully  so 
as  not  to  spread  on  the  mucous  surfaces  nor  to  encroach  on  the  border 
of  the  hair,  as  it  has  a  tendency  to  turn  this  gray,  is  often  helpful, 
especially  if  combined  with  good  doses  of  aspirin  and  phenacetine. 
Counterirritation  with  a  faradic  current  applied  by  means  of  a  wire 
brush  sometimes  does  well ;  but  perhaps  more  effectual  is  the  application 
of  a  weak  constant  current,  the  anode  being  placed  over  the  painful 
spot  and  the  cathode  on  some  indifferent  part  of  the  body.  The  current 
should  be  turned  on  gradually  after  the  anode  is  placed  on  the  part, 
and  after  being  maintained  at  about  5  to  10  milliamperes  for  several 
minutes,  gradually  diminished  again  before  the  electrode  is  removed. 
In  a  large  number  of  cases  occurring  in  early  and  middle  life  the  trouble 
seems  to  rest  on  a  rheumatic  basis;  in  these  the  salicylates  may  be  used 
energetically.  Gelsemium  in  full  doses,  beginning  with  10  minims  of 
the  tincture  and  gradually  increasing,  or  cannabis  indica  in  doses  of 
J  to  I  a  grain  of  the  freshly  prepared  drug,  will  sometimes  control  the 
pain.  Strychnine  given  in  ascending  doses,  beginning  with  3^0^  grain 
three  times  a  day  and  increasing  gradually  until  the  physiological 
limit  of  the  drug  is  reached,  has  been  recommended.  Associated  with 
the  above  measures  the  general  health  should  be  attended  to,  and  for 
this  purpose  cod-liver  oil  or  iron  tonics  are  often  necessary. 

In  the  pain  from  dental  caries,  when  a  specialist's  aid  is  not  im- 
mediately possible,  a  triturate  of  atropine  placed  in  the  mouth  in  the 
neighborhood  of  the  offending  tooth  and  allowed  to  dissolve,  and  the 
solution  allowed  to  lie  in  the  mouth  about  the  tooth  for  a  time,  will 
often  give  temporary  relief. 

In  the  treatment  of  tic  douloureux  all  these  measures  may  be  tried 
and  may  be  combined  with  the  various  forms  of  suggestion  and  even 
hypnotism  in  suitable  cases,  though,  as  a  rule,  they  are  more  or  less 
ineffectual,  except  perhaps  temporarily,  and  one  is  driven  to  resort  to 
more  radical  means  for  the  relief  of  the  excruciating  and  insupportable 
pain.   However,  it  is  no  longer  such  a  serious  matter  as  formerly  when 
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the  radical  cure  meant  the  extirpation  of  the  Gasserian  ganglion  with 
all  the  attendant  risks  to  life,  which  are  especially  great  in  many  sufferers 
of  advanced  years  and  marked  arteriosclerosis. 

Injection  of  Alcohol. — The  extirpation  of  the  ganglion  may  still 
remain  the  only  radical  cure,  but  the  injection  of  alcohol  into  the  nerve 
branches  at  the  point  of  their  exit  from  the  skull  gives  instantaneous 
and  prolonged  relief  and  can  be  repeated  if  necessary.  It  is,  moreover, 
practically  without  danger  in  competent  hands  and  the  technique  may 
be  easily  acquired  by  any  properly  trained  man.  The  first  requisite 
is  absolutely  strict  asepsis.  One  should  also  have  at  one's  disposal 
several  skulls  or  autopsy  material  on  which  to  practice  and  perfect 
the  technique.  All  that  is  required  in  the  way  of  instruments  is:  (1) 
A  straight  needle  about  12  cm.  long,  1.75  mm.  thick,  not  acutely  sharp, 
with  a  stylet,  the  somewhat  rounded  end  of  which  is  flush  with  the 
needle  point  when  the  stylet  is  pushed  home.  The  needle  is  graduated 
in  centimeters  from  the  point  up  to  5  so  that  the  operator  may  know 
just  how  deep  he  has  penetrated.  (2)  A  glass  syringe  holding  about 
2  c.c,  with  a  smooth  nozzle  to  fit  this  needle. 

In  operating  a  general  anesthetic  is  seldom  necessary  nor  is  it  advis- 
able, as  one  must  be  dependent  on  the  patient's  sensations.  Ethyl 
chloride  may  be  used  to  freeze  the  skin  where  the  needle  is  to  be  intro- 
duced. The  stylet  is  partially  withdrawn  when  the  needle  is  pushed 
through  the  skin  and  subcutaneous  tissues;  it  may  then  be  pushed 
home,  thus  preventing  the  puncture  of  any  large  vessel.  A  burning 
pain  referred  to  some  part  of  its  distribution  announces  to  the  operator 
that  the  needle  has  penetrated  the  nerve,  then  the  stylet  should  be 
withdrawn,  the  syringe  connected  to  the  needle,  and  the  injection 
made.  This  should  be  followed  either  immediately,  or  wdthin  a  few 
minutes,  by  loss  of  sensibility  to  pain  in  the  area  supplied.  It  is  well 
to  leave  the  needle  in  place  until  it  is  ascertained  if  this  be  the  case, 
after  which  the  needle  may  be  slowly  withdrawn.  Various  combina- 
tions of  alcohol  are  used  by  different  operators;  thus  Patrick,  of 
Chicago,  finds  the  following  satisfactory: 

R — Cocain.  muriat  0.1 

Alcohol  13.5 

Aq.  destil  q.  s.  ad  15.5 

Blair,  of  St.  Louis,  recommends 

I^— Novocain   2  per  cent. 

Chloroform   6  per  cent. 

Aq.  destil   22  per  cent. 

Alcohol   70  per  cent. 

Either  is  good,  the  quantity  injected  being  about  2  c.c.  for  each 
nerve. 

Whe  the  supra-orbital  branch  is  affected  the  nerve  may  be  reached 
by  making  the  needle  enter  just  below  the  external  angular  ])rocess 
of  the  frontal  bone,  and  by  following  along  the  malar  maxillary  frontal 
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suture  for  a  distance  of  3  or  3.5  cm.,  where  the  outer  exit  of  the  sphenoid 
fissure  is  reached.  It  will,  however,  be  remembered  that  the  optic  fora- 
men is  above  the  inner  end  of  the  fissure  and  the  oculomotor  nerves 
also  pass  through  this  fissure.  Out  of  deference  to  these  the  supra- 
orbital branch  should  not  be  attempted  by  deep  injection,  but  should 
be  reached  in  the  supra-orbital  foramen,  the  injection  being  introduced 
as  deeply  as  possible.  In  treating  this  branch,  if  using  Blair's  formula, 
it  is  well  to  leave  out  the  chloroform  or  reduce  it  to  2  instead  of  6  per 
cent. 

In  the  case  of  the  superior  maxillary  or  middle  branch  the  needle 
should  be  introduced  a  little  below  the  zygoma  and  passing  through 
the  sigmoid  notch  of  the  mandible  the  pterygoid  process  is  encountered 
and  its  junction  with  the  great  wing  of  the  sphenoid  recognized;  by 
working  forward  the  second  division  is  found  either  in  the  spheno- 
maxillary fossa  or  as  it  courses  around  the  back  part  of  the  maxilla; 
and  by  working  backward  the  third  or  lower  division  may  be  found. 
But  one  must  work  out  one's  own  details  on  the  cadaver.  Personally 
I  find  by  introducing  the  needle  immediately  under  the  zygoma  at 
the  highest  point  of  the  curve  and  directing  it  toward  the  first  finger 
of  my  other  hand,  which  is  placed  on  the  opposite  external  angular 
process,  in  this  way  using  the  sense  of  position  of  the  fingers  to  guide 
the  needle  and  keep  it  at  the  proper  angle,  I  have  seldom  had  difficulty 
in  finding  the  middle  division  of  the  nerve  as  it  makes  its  exit  from 
the  foramen  rotundum.  For  the  inferior  division  the  needle  is  intro- 
duced in  the  same  spot  but  pointed  to  catch  the  nerve  as  it  comes 
through  the  foramen  ovale.  As  Patrick  points  out,  the  internal  features 
of  the  human  kind  are  variable,  but  in  these  cases  one  can  be  guided 
by  recognizing  with  the  needle  the  junction  of  the  pterygoid  process 
with  the  great  wing  of  the  sphenoid  and  working  backw^ard  or  forward 
until  the  nerve  is  engaged ;  in  this  w^ay  one  gets  a  good  idea  of  the  depth 
to  which  it  is  necessary  to  go — as  a  general  rule  a  depth  of  about  4  or 
5  cm.  is  sufficient. 

The  needle  should  be  withdrawn  slowly  with  the  stylet  out,  and  if 
there  is  any  deep  oozing  the  stjdet  may  be  reinserted  in  the  needle,  and 
being  pushed  back  to  the  place  of  oozing  may  be  left  there  until  the 
oozing  stops.  Any  superficial  bleeding  may  be  controlled  by  pressure; 
the  puncture  wound  may  be  closed  by  a  drop  of  collodion. 

Wilfred  Harris,  in  England,  practises  injecting  the  ganglion  itself 
through  the  foramen  ovale  with,  he  thinks,  more  permanent  relief. 
His  method  is  to  push  the  needle  through  the  cheek  below  the  zygoma 
as  low  as  possible  through  the  bottom  of  the  sigmoid  notch  in  the  lower 
jaw,  the  point  being  directed  straight  inward  and  upward  until  it 
hits  the  under  surface  of  the  sphenoid  bone  at  the  base  of  the  skull. 
The  point  is  then  gently  lowered  by  raising  the  handle  and  the  edge  of 
the  foramen  ovale  is  felt  for  at  a  depth  of  from  3.5  to  4.5  cm.  according 
to  the  size  of  the  individual.  He  asserts  that  in  practically  every  case 
the  needle  can  be  made  to  pass  through  the  foramen  into  the  Gasserian 
ganglion  if  necessary.   His  reported  results  have  been  good. 
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THE  SEVENTH  OR  FACIAL  NERVE 

Anatomical  Relations. — The  great  motor  nerve  of  the  face  has  its 
nucleus  in  the  lowest  level  of  the  pons,  consisting  of  a  long  row  of  cells 
grouped  together  in  the  middle  part  of  the  formatio  reticularis;  its 
fibers  stream  dorsally  and  toward  the  medial  line  and  then  hooking 
around  the  nucleus  of  the  sixth  nerve  in  the  floor  of  the  fourth  ventricle, 
run  ventrally  and  laterally  to  make  their  exit  close  to  the  eighth  nerve 
on  the  lateral  aspect  of  the  pons  at  its  junction  with  the  medulla.  It 
runs  with  the  eighth  nerve  in  the  internal  auditory  meatus,  then  passes 
in  the  Fallopian  canal  first  outward  to  the  inner  wall  of  the  tympanum 
then  backward  and  downward  behind  the  tympanum  to  the  stylo- 
mastoid foramen.  It  may  be  separated  from  the  tympanum  by  a  very 
thin  layer  of  bone,  or  this  may  even  be  incomplete,  which  explains  the 
frequency  of  involvement  of  the  facial  nerve  in  disease  of  the  middle 
ear,  more  especially  as  it  gives  off  two  small  branches  which  enter  the 
tympanum,  one  to  the  stapedius  muscle  and  the  other  to  the  chorda 
tympani.  Through  the  geniculate  and  otic  ganglia  connections  are 
established  with  the  fifth  and  the  ninth  nerves.  The  definite  function 
of  these  connections  is  still  obscure.  Possibly,  as  Edinger  suggests, 
the  fibers  conveying  the  sense  of  taste  coming  from  the  lingual  branch 
of  the  fifth  and  the  glossopharyngeal  nerve  reach  in  this  way  the 
small  intermediate  nerve  of  Wrisberg  and  the  nucleus  of  the  fasciculus 
solitarius. 

The  nerve  supplies  the  occipitofrontalis,  the  muscles  of  the  external 
ear,  the  stjdohyoid  and  digastric,  and  divides  to  supply  all  the  muscles 
of  the  face  and  the  platysma. 

The  path  connecting  the  cortex  with  the  facial  nucleus  decussates 
in  the  upper  part  of  the  pons.  It  is  probable  that  the  bilaterally  acting 
muscles  of  the  upper  part  of  the  face  have  representation  in  both  hemi- 
spheres, as  they  are  seldom  paralyzed  in  hemiplegia  from  a  lesion  of 
the  pyramidal  tracts  above  the  pons. 

Lesions  of  the  facial  nerve  may  be  paralytic  or  irritative. 

Facial  Paralysis. — Etiology. — Paralysis  of  the  seventh  nerve — often 
called  Bell's  paralysis  after  the  Englishman  who  first  described  it — 
frequently  comes  on  after  exposure  to  cold  and  is  usually  on  that  side 
of  the  face  which  has  been  more  directly  exposed  to  a  direct  draught 
of  air.  It  is  probably  due  to  a  congestion  and  swelling  of  the  nerve  in 
the  narrow  bony  Fallopian  canal  causing  compression  of  its  fibers  and 
paralysis.  It  appears,  as  a  rule,  in  the  course  of  two  or  three  days  after 
exposure,  and  is  often  associated  with  some  pain  behind  the  ear.  Injury 
such  as  a  blow  on  the  side  of  the  face  or  more  frequently  operations 
in  the  parotid  region  or  for  disease  of  the  mastoid  cells  and  the  middle 
ear  are  often  followed  by  facial  paralysis.  Its  close  proximity  to  the 
middle  ear  in  some  cases  where  the  dividing  lamina  of  bone  is  very 
thin,  or  even  deficient,  renders  it  almost  impossible  for  the  surgeon  to 
avoid  injuring  it.  As  has  already  been  said,  disease  of  the  middle 
ear  itself  may  involve  the  nerve  by  extension. 
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Facial  paralysis  is  occasionall}'  associated  with  certain  infectious 
diseases,  as  diphtheria,  erysipelas,  influenza,  herpes  zoster,  and  the 
recent  epidemics  of  poliomyelitis  have  produced  numerous  cases  caused 
by  that  disease.  Syphilis  is  not  an  infrequent  cause,  but  is  usually 
associated  with  paralysis  of  other  cranial  nerves.  It  may  be  from 
involvement  of  the  meninges,  or  a  gumma  involving  the  trunk  of  the 
nerve,  and  it  sometimes  appears  as  a  manifestation  of  secondary  syphilis, 
especially  in  women.  The  facial  nerves  on  both  sides  may  be  involved 
in  a  general  multiple  neuritis. 

Symptoms. — The  muscles  of  the  face  on  the  side  of  the  lesion  not 
only  lose  their  power,  both  in  voluntary  and  emotional  movements, 
but  their  tone  as  well;  in  other  words,  there  is  a  condition  of  flaccid 
paralysis.  The  normal  tonicity  of  the  muscles  of  the  opposite  side 
causes  an  asymmetry  of  the  face  which  is  especially  noticeable  on 
any  attempt  to  laugh  or  speak.  In 
vouths  in  w^hom  the  elasticitv  of 
the  skin  is  still  retained  the  asym- 
metrv  is  not  so  noticeable  when  the 
features  are  at  rest,  but  in  elderly 
people  it  is  very  marked  at  all  times. 
The  nasolabial  fold  is  flattened  on 
the  paralyzed  side  and  the  patient 
cannot  raise  that  angle  of  the  mouth. 
In  attempting  to  show  the  teeth 
or  to  smile  the  mouth  is  drawn  up 
to  the  healthy  side.  There  is  also 
disturbance  in  pronouncing  all  labials, 
and  as  the  lips  cannot  be  com- 
pressed properly,  there  is  inability  to 
blow  out  the  cheeks,  the  air  escap- 
ing from  the  paralyzed  side;  whist- 
ling is  impossible.  Owing  to  the 
involvement  of  the  orbicularis  pal-  Facial  palsy, 

pebrse  the  patient  cannot  close  the 

eye,  and  on  attempting  to  do  so  the  eyeball  turns  up  (Fig.  40) ;  during 
sleep,  too,  the  eye  remains  partially  open.  The  lower  lid,  also,  especially 
in  adults  in  whom  the  elasticity  of  the  skin  is  lacking,  falls  away  slightly 
from  the  eyeball  so  that  the  apertures  of  the  tear  duct  no  longer  being 
in  close  apposition,  the  tears  cannot  be  carried  off  and  so  they  gather 
in  the  eye  and  overflow  the  cheek.  Paralysis  of  the  occipitofrontalis 
leaves  the  forehead  smooth  and  an  attempt  to  raise  the  eyebrows  shows 
the  inability  to  do  so  on  the  paralyzed  side,  the  wrinkles  of  the  fore- 
head being  marked  on  the  healthy  side  and  absent  on  the  side  of  the 
lesion.  The  platysma  is  also  affected  in  many  cases,  as  may  be  shown 
by  getting  the  patient  to  depress  the  lower  lip  forcibly.  There  is  no 
deviation  of  the  tongue  when  protruded,  although  there  may  be  an 
apparent  deviation,  owing  to  the  lips  being  drawn  to  the  healthy  side. 
The  electrical  reactions  are  characteristic  of  a  lesion  of  a  peripheral 
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nerve.  In  severe  cases  there  is  an  al)solute  loss  of  faradic  excitability 
of  the  paralyzed  muscles  in  about  ten  days  and  the  reaction  to  galvanism 
may  be  much  diminished.  In  milder  cases  the  reaction  to  faradism 
may  simply  be  lowered  and  that  to  the  galvanic  current  may  be  much 
slower  than  normal.  It  should  be  remembered  that  the  faradic  current 
stimulates  only  through  the  nerve  terminations  in  the  muscles,  while 
the  galvanic  current  stimulates  the  muscle  fibers  directly.  Polar 
change  is  sometimes,  though  not  always,  seen,  that  is,  the  cathodic 
closing  contraction  becomes  equal  to  or  even  less  than  the  anodic. 

Atrophy  of  the  muscles  follows  as  in  nerve  lesions  elsewhere,  but  on 
the  face  it  is  scarcely  perceptible,  as  the  muscles  normally  are  not  very 
bulky. 

If  the  lesion  be  in  the  pons  there  will  probably  be  either  involvement 
of  the  pyramidal  tract  and  evidence  of  a  spastic  hemiplegia  on  the 
opposite  side  of  the  body  or  involvement  of  the  sixth  nucleus  with 
consequent  paralysis  of  the  external  rectus  muscle  and  disturbances  of 
the  conjugate  deviation  of  the  eyes  to  the  side  of  the  lesion. 

If  it  be  on  the  surface  of  the  pons  there  will  be  an  associated  nerve 
deafness.  A  lesion  in  the  Fallopian  canal  between  the  geniculate  gan- 
glion and  the  chorda  tympani  branch  would  cause  an  associated  loss 
of  taste  on  the  same  side  of  the  tongue  in  the  anterior  part.  If  none 
of  these  symptoms  are  present  the  lesion  is  probably  in  the  lowest 
part  of  the  canal  or  external  to  the  skull. 

One  must  differentiate  now  between  a  facial  paralysis  of  peripheral 
origin,  that  is,  from  a  lesion  in  the  nucleus  or  nerve  trunk,  and  one  of 
central  origin  or  a  supranuclear  paralysis.  In  the  latter  the  lower 
part  of  the  face  is  involved  with  asymmetry  very  similar  to  what  one 
sees  in  the  peripheral  type,  but  while  present  for  voluntary  movement 
it  may  disappear  in  the  movements  expressive  of  the  emotions  especially 
if  the  lesion  be  above  the  level  of  the  thalamus.  There  will  be,  espe- 
cially in  recent  cases,  a  weakness  of  the  orbicularis  palpebrse,  but  there 
will  be  no  weakness  of  the  occipitofrontalis  in  raising  the  eyebrow. 
There  will  be  no  impairment  of  the  reaction  of  the  paretic  muscles  to 
electrical  currents. 

Course. — The  onset  of  facial  paralysis  is,  as  a  rule,  fairly  rapid,  coming 
on  in  anywhere  from  a  few  hours  to  three  or  four  days;  it  is  frequently 
associated  with  a  more  or  less  severe  pain  behind  the  ear.  It  usually 
reaches  its  height  in  the  course  of  twenty-four  hours.  The  duration 
will  depend  on  the  severity  of  the  lesion.  In  very  mild  cases  a  complete 
recovery  may  take  place  in  two  weeks  or  a  month.  In  such  a  case 
the  faradic  excitability  of  the  muscles  is  never  lost.  More  severe  cases 
may  last  several  months  and  then,  as  a  rule,  there  is  not  an  absolutely 
complete  recovery.  The  traces  left  may  be  but  slight,  but  they  will  be 
perceptible  on  close  examination.  In  many  of  these  severe  cases  a 
certain  amount  of  muscular  contracture  occurs  as  the  muscles  regain 
their  voluntary  power  this  does  not  occur  when  the  paralysis  remains 
complete. 

This  contracture  is  most  marked  in  the  muscles  of  the  angle  of  the 
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mouth  and  by  reproducing  the  nasolabial  fold  even  to  an  exaggerated 
degree,  produces  the  appearance  of  a  paresis  of  the  healthy  side  of 
the  face.  The  appearance  is  strengthened  by  any  slight  action  of  the 
muscles  being  exaggerated,  but  immediately  we  ask  the  patient  to 
forcibly  raise  the  upper  lip  or  close  the  eye,  the  weakness  of  the  con- 
tractured  muscles  is  very  evident.  This  contracture  of  the  facial  mus- 
cles after  paralysis  is  often  associated  with  involuntary  twitching  of 
a  spasmodic  nature  which  may  be  very  troublesome. 

Treatment, — Our  first  endeavor  in  these  cases,  as  in  all  peripheral 
nerve  paralyses,  must  be  to  prevent  stretching  of  the  paralyzed  muscles 
by  the  unopposed  tonic  action  of  their  opponents,  for  two  reasons: 
(1)  First  to  retain  as  much  as  possible  the  elasticity  of  the  paralyzed 
muscles,  and  (2)  to  prevent  shortening  of  the  healthy  muscles,  which 
ma}^  go  on  to  a  certain  amount  of  fibrosis  and  contracture,  producing 
a  more  or  less  permanent  condition  of  deformity.  In  my  own  practice 
I  have  endeavored  to  meet  this  indication  by  the  following  simple 
contrivance  and  have  found  it  very  satisfactory  from  the  point  of 
view  of  the  patient's  comfort  and  in,  I  believe,  shortening  the  course 
of  the  paralysis  very  considerably.  The  requirements  are,  two  pieces 
of  strong  wire — ordinary  strong  hair-pins  serve  the  purpose  very  well — 
and  two  pieces  of  adhesive  plaster,  or  a  piece  of  adhesive  plaster  and 
one  piece  of  ordinary  garter  elastic.  One  hair-pin  is  straightened  out 
and  then  formed  to  fit  around  the  ear,  the  two  ends  overlapping  in  such 
a  way  that  they  can  be  bound  and  held  in  position  by  means  of  a  piece 
of  adhesive  plaster.  The  second  hair-pin  is  then  bent  about  half  an  inch 
from  its  closed  end  so  as  to  form  a  hook  and  the  two  limbs  of  the  pin 
are  then  pressed  together  so  that  this  hook  will  not  be  too  bulky  for  the 
angle  of  the  mouth.  The  two  loose  extremities  are  then  bent  toward  each 
other  at  right  angles.  These  two  pieces  can  then  be  joined  together  by  a 
piece  of  adhesive  plaster  doubled  so  that  no  adhesive  surface  is  exposed, 
or  better  still  by  a  piece  of  ordinary  garter  elastic  about  one-half  or 
three-quarters  of  an  inch  broad  and  of  the  proper  length  to  hold  the 
angle  of  the  mouth  in  position,  suspended  as  it  were  from  the  ear,  and 
thus  overcome  the  asymmetry.  The  wire  about  the  back  of  the  ear 
can  be  padded  with  a  little  absorbent  cotton  and  some  may  be  inserted 
in  the  concavity  of  the  hook  as  it  lies  in  the  angle  of  the  mouth.  This 
should  be  changed  frequently  during  the  day  and  the  hook  may  be 
sterilized  by  dipping  it  into  boiling  water,  being  careful  not  to  wet 
the  adhesive  plaster.  This  contrivance  if  properly  fitted  will  be  found 
to  give  a  certain  amount  of  comfort  to  the  patients,  and  there  is,  as  a 
rule,  no  difficulty  in  getting  them  to  wear  it  all  day,  save  at  meal-time, 
and  to  sleep  with  it  at  night.  The  conscientious  use  of  such  a  con- 
trivance will  certainly  lessen  the  length  of  time  of  the  paralysis,  and 
I  believe  may  prevent  the  occurrence  of  such  cases  as  those  recently 
reported  by  Toby  Cohn,  when  in  spite  of  the  return  of  electrical  reac- 
tion in  the  muscles,  their  functional  power  remained  in  abeyance,  with 
persistent  asymmetry  and  deformity  of  the  face. 

The  unprotected  condition  of  the  eye  sometimes  results  in  slight 
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inflammation  of  the  conjunctiva,  produced  by  the  entrance  of  irritants, 
but  this  usually  subsides  rapidly  under  treatment  with  a  wash  of  acid, 
boric,  and  sod.  bibor.  The  accumulution  of  tears  in  the  eyes,  caused 
by  the  eversion  of  the  lower  lid,  probably  acts  as  a  protective,  and  it 
is  not  wise  to  interfere  actively  to  prevent  this.  The  patient  should 
be  instructed  to  close  the  eye  with  the  hand  when  going  to  sleep. 

One  must  of  course  at  the  same  time  endeavor  to  arrest  or  remove 
the  cause  of  the  disease.  If  there  are  other  indications  of  syphilis, 
potassium  iodide  and  antiluetic  treatment  should  be  energetically 
pushed.  If  due  to  tumor  of  the  cerebellopontine  angle  this  should 
receive  surgical  attention.  If  associated  with  middle-ear  disease,  free 
exit  to  the  pus  present  should  be  secured;  and  if  it  follows  exposure  to 
cold  the  salicylates  are  indicated.  Aspirin  is  useful  in  relieving  the 
pain  about  the  ear  so  often  associated  in  the  ealy  stages  of  the  paralysis 
and  at  the  same  time  counterirritants  in  the  shape  of  a  mustard  leaf 
or  fly-blister,  or,  what  I  have  found  very  satisfactory,  a  paint  of 
equal  parts  of  camphor  and  chloral  hydrate. 

Electrical  treatment  of  the  muscles  should  now  be  instituted,  not 
that  it  has  the  slightest  curative  eft'ect  on  the  nerve  lesion,  but  simply 
by  the  mechanical  stimulation  causing  movement  of  the  paralyzed 
muscles,  their  nutrition  is  maintained  and  atrophy  prevented  to  some 
extent  at  least.  If  the  muscles  still  react  to  faradism,  that  is,  in  a 
mild  case,  stimulation  with  this  current  may  be  used  if  the  galvanic 
cannot  be  obtained,  but  it  is  better  to  use  the  latter  in  any  case  as  it 
stimulates  the  muscles  directly,  and  so,  while  it  will  stimulate  the  fibers 
through  the  nerve  terminations  just  as  well  as  the  faradic,  it  will  also 
stimulate  those  fibers  whose  nerve  terminations  have  degenerated. 

If  the  paralysis  has  been  of  some  weeks'  standing  without  any  elec- 
trical treatment  one  should  not  give  a  bad  prognosis  simply  because  the 
muscles  react  poorly  the  first  time  of  the  treatment,  as  it  will  often  be 
found  that  the  reaction  improves  considerably  after  a  few  applications, 
and  the  functional  power  will  often  return  after  months  of  interruption. 

The  positive  pole  should  be  placed  on  any  indifferent  region:  it  may 
be  held  in  the  hand  or  placed  on  the  back,  and  the  negative  pole  used 
to  stimulate  the  motor  points  of  the  various  muscles  (Fig.  45).  ^  It 
should  be  remembered  that  the  mere  application  of  the  electrical 
current  in  itself  is  useless  unless  the  muscles  are  made  to  contract  by  it. 

If,  as  recovery  takes  place,  contracture  and  overaction  of  the  par- 
alyzed muscles  occur,  the  electrical  treatment  should  be  stopped  as 
it  will  certainly  not  do  any  further  good  and  will  only  increase  the 
discomfort.  It  is  very  questionable,  in  my  opinion,  if  a  nerve-grafting 
operation  is  justifiable;  the  results  so  far  of  grafting  the  distal  portion 
of  the  facial  nerve  into  the  spinal  accessory,  or  the  hypoglossal,  have 
as  yet  not  given  sufficiently  good  results  to  be  encouraging. 

Prognosis. — In  giving  a  prognosis,  the  nature  of  the  cause,  whether 
it  is  a  progressive  lesion  and  whether  it  can  be  removed,  will  of  course 
influence  one;  but  these  points  being  decided  favorably,  one  may  state 
generally  that  if  ten  days  or  two  weeks  after  the  onset  the  nmscles 
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still  react  to  faradism  the  prognosis  is  good  and  complete  functional 
recovery  will  occur  inside  of  three  months,  the  more  exact  time  being 
judged  by  the  extent  of  the  reaction.  If  at  that  time  the  muscles  do 
not  react  to  faradism,  recovery  will  probably  not  be  absolutely  com- 
plete and  will  be  slower,  the  prognosis  depending  on  how  well  they 
react  to  the  constant  current.  In  cases  that  have  existed  for  some 
time  without  electrical  treatment  it  will  be  well,  before  giving  a  prog- 
nosis, to  test  the  reaction  of  the  muscles  more  than  once,  as  a  muscle 
that  has  lain  inert  will  not  react  at  first  very  well  but  improves  greatly 
in  successive  tests. 

Facial  Spasm. — It  is  absolutely  necessary  in  the  first  place  to 
differentiate  between  a  facial  tic  and  a  spasm  of  the  facial  muscles, 
and  this  differentiation  is  not  always  easy  owing  to  the  similarity  of 
their  external  form.  Yet  the  establishment  of  a  correct  diagnosis  is 
essential,  since  the  prognosis  and  treatment  are  diametrically  opposed. 
Tic  is  a  psychical  affection — a  pathological  habit,  Brissaud  termed 
it — and  it  is  always  associated  with  peculiar  mental  characteristics. 
It  begins  as  a  voluntary  act  and  remains  to  some  extent  under  control 
of  the  will.  It  remains  a  purposive  movement,  whereas  a  spasm  has 
been  defined  as  the  motor  reaction  consequent  on  stimulation  of  some 
point  in  a  reflex  spinal  or  bulbospinal  arc,  the  stimulus  provocative 
of  such  spasm  is  itself  of  pathological  origin.  This  spasm  is  confined 
to  the  distribution  of  the  nerve,  the  oculomotor  muscles  and  the  tongue 
are  not  involved.  It  may  be  caused  reflexly  by  painful  affections  of 
the  cornea  or  conjunctiva,  decayed  teeth,  or  any  affection  of  the  fifth 
nerve — a  tic  might  possibly  develop  from  the  same  sources.  Not 
infrequently  it  is  due  to  a  direct  irritation  of  the  facial  nerve  trunk, 
as  from  a  tumor  in  the  cerebellopontine  angle  or  an  aneurysm  of  the 
branch  of  the  basilar  artery.  It  has  also  been  referred  to  as  a  late 
result  of  severe  facial  paralysis  with  only  partial  recovery.  Facial 
spasm  may  also  be  caused  by  an  irritating  lesion  of  the  cortical  face 
centre  and  is  then  of  the  nature  of  Jacksonian  epilepsy  usually  affecting 
the  eyes  and  then  spreading  to  the  arm  and  leg  centres  producing  the 
characteristic  march  of  these  attacks. 

Symptoms. — Facial  spasm  may  occur  in  various  degrees  of  intensity 
the  most  simple  is  blepharospasm,  which  may  commence  as  a  rapid 
trembling  or  twitching  of  the  lower  eyelid  which  spreads  gradually 
and  in  the  course  of  time  the  upper  lid  is  also  affected  until  the  whole 
orbicularis  palpebrarum  is  involved,  so  that  during  the  spasm  the  two 
lids  approach  one  another,  lessening  the  size  of  the  palpebral  fissure. 
Owing  to  the  spasm  the  lacrymal  duct  is  occluded  and  the  tears  may 
gather  in  the  eye,  but  as  soon  as  the  spasm  is  over  the  eye  is  quite 
normal  again.  Such  may  be  the  first  stage,  but  gradually  other  muscles 
in  the  supply  of  the  nerve  may  also  become  affected,  and  coincidently 
with  the  blepharospasm  we  see  an  upward  twitching  of  the  angle  of 
the  mouth,  a  wrinkling  of  the  side  of  the  nose,  and  an  elevation  of  the 
eyebrow  on  the  affected  side  of  the  face.  The  spasms  become  pro- 
gressively more  frequent  and  more  widespread,  involving  one  bundle 
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of  fibers  after  another  until  all  the  muscles  supplied  by  the  nerve  may 
be  involved  in  their  totality.  The  face  may  remain  free  for  some 
minutes  or  the  twitchings  may  be  practically  constant.  In  early  cases 
such  spasm  may  last  only  a  second,  or  in  more  severe  cases  it  may  last 
some  minutes;  often  it  may  continue  for  hours.  Although  the  con- 
tractions may  be  quite  violent  they  are  not  associated  with  any  pain. 
\'oluntary  effort  has  practically  no  influence  in  preventing  or  retarding 
the  spasm,  thus  differentiating  it  from  tic.  Medication  is  usually 
without  result;  arsenic,  the  bromides,  and  gelsemium  are  of  no  avail; 
the  effect  of  hyoscine  is  only  temporary,  and  morphine  is  out  of  place. 

Treatment. — In  treatment,  then,  if  no  source  of  irritation  can  be 
found  and  removed,  one  may  try  galvanism,  applying  the  negative 
pole  to  the  back  of  the  neck  and  the  positive  pole  over  the  course  of 
the  nerve  just  in  front  of  the  lower  part  of  the  ear,  and  turning  on  the 
current  gradually  up  to  about  2  or  3  milliamperes,  maintain  it  for 
five  or  ten  minutes  and  then  gradually  diminish  again.  This  should 
be  repeated  daily.  Unfortunately  not  much  can  be  promised  in  most 
cases  from  the  treatment,  and  in  some  cases  it  may  be  considered  advis- 
able to  paralyze  the  facial  nerve  either  by  stretching  it  or  preferably 
by  the  injection  of  alcohol.  One  then  runs  some  risk  of  a  permanent 
paralysis  which  the  patient  will  not  appreciate  much  more  than  his 
spasm.  In  many  cases  with  the  return  of  power  comes  a  return  of 
the  spasm. 

THE  AUDITORY  OR  EIGHTH  NERVE 

The  eighth  cranial  nerve  is  composed  of  two  nerves  which  have 
quite  distinct  functions,  we  must  therefore  distinguish  between  the 
cochlear  and  the  vestibular  nerve,  the  former  being  the  real  auditory 
nerve  and  the  latter  subserving  the  function  of  giving  us  information 
concerning  equilibrium  and  our  relations  in  space. 

Disturbances  of  Cochlear  Nerve.  —  Anatomical  Relations.  —  The 
cochlear  nerve  arises  from  the  cells  of  the  ganglion  spirale.  These 
cells  send  peripherally  fine  branches  which  arborize  about  the  delicate 
hair  cells  of  the  organ  of  Corte,  and  centrally— analogously  with  the 
spinal  sensory  roots — their  nerve  fibers,  having  joined  those  fibers 
from  the  vestibule,  enter  the  pons  just  laterally  to  the  facial  nerve  in 
a  single  nerve  root  know^n  as  the  portio  mollis  in  comparison  with  the 
portio  dura  or  seventh  nerve.  The  fibers  from  the  cochlear  branch 
terminate  in  the  tuberculum  acusticum  and  in  the  ventral  nucleus. 
From  these  nuclei  the  secondary  paths  cross  to  the  other  side  in  the 
trapezoid  body  as  the  strife  acusticte,  making  connections  with  the 
superior  olives  and  thence  in  the  lateral  fillet  to  the  posterior  corpus 
quadrigeminum  and  the  external  geniculate  body.  The  former  con- 
nection serves  for  the  reflex  arc  with  the  various  oculomotor  nuclei, 
and  the  latter  connects  up  with  the  cortical  centres  of  hearing  in  the 

temporal  lobes.  _        i  u    •  u 

The  vestibular  nerve  takes  origin  from  ganglion  cells  in  the  labyrmth, 
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the  peripheral  branches  of  which  terminate  in  the  ampullae  and  utricle 
of  the  semicircular  canals,  the  central  branches  enter  the  pons  with 
the  cochlear  nerve  as  the  anterior  root  of  the  eighth  nerve  and  run  to 
the  dorsal  nucleus  in  the  lateral  part  of  the  floor  of  the  fourth  ventricle, 
some  fibers  turn  downw^ard  toward  the  spinal  cord  and  others  run 
directly  to  the  anterior  vermis  of  the  cerebellum.  From  the  dorsal 
acoustic  nucleus  connections  are  made  through  Dieters'  nucleus  with  the 
cerebellar  nuclei  and  also  descending  paths  running  in  the  anterolateral 
columns  of  the  cord,  which  probably  connect  up  with  the  anterior  horn 
cells  and  function  as  reflex  paths  in  the  maintenance  of  equilibrium. 

Etiology. — Theoretically  disturbances  of  hearing  may  be  caused  by  a 
lesion  in  any  part  of  the  course  of  the  cochlear  nerve  or  its  end-stations 
in  the  brain,  though,  as  a  matter  of  fact,  they  are  very  much  more  fre- 
quently due  to  disease  in  the  internal  ear  itself  than  to  lesions  affecting 
the  second  or  third  relays  of  neurones  in  the  pons  or  cerebrum  because 
of  the  bilaterality  of  representation  necessitating  usually  more  than 
one  specially  located  lesion.  A  single  lesion,  a  tumor  growth  for 
instance,  might  involve  both  posterior  corpora  quadrigemina  and 
external  geniculate  bodies  or  might  involve  the  pons  sufficiently  to 
cause  a  complete  deafness.  Foci  of  multiple  sclerosis  might  also  pos- 
sibly produce  the  same  effect,  but  when  this  occurs  there  is,  as  a  rule, 
no  difficulty  in  the  diagnosis  from  the  other  signs  of  the  disease  present 
and  there  would  be  nothing  to  do  in  the  way  of  treatment,  at  least  as 
far  as  the  deafness  is  concerned. 

Of  more  practical  interest  are  lesions  affecting  the  nerve  in  its 
peripheral  course.  Thus  meningitis  may  cause  a  nerve  deafness,  occa- 
sionally, though  not  always  associated  with  a  facial  paralysis  of  the 
same  side;  the  seventh  nerve  or  portio  dura  is  not  as  easily  damaged 
as  the  eighth  or  portio  mollis.  Of  more  practical  interest  is  its  affection 
by  tumor  growth  in  the  cerebellopontine  angle  w^hich  not  infrequently 
arises  from  the  sheath  of  the  eighth  nerve.  In  these  cases  one  sees, 
of  course,  the  general  signs  of  intracranial  tumor — headache,  vomiting, 
and  choked  disk — and  as  localizing  signs  one  finds  complete  nerve 
deafness  with,  as  a  rule,  facial  paralysis  on  the  side  of  the  lesion  and  not 
infrequently  involvement  of  the  fifth  and  sixth  nerves  on  the  same  side. 
There  is  also,  as  a  rule,  complaint  of  vertigo  of  a  characteristic  and 
definite  nature,  and  there  may  be  increased  deep  reflexes  in  the  opposite 
extremities  with  the  abdominal  reflexes  diminished  or  lost,  and  in  fact 
the  usual  evidences  of  an  upper  motor  neurone  paralysis  on  the  side 
opposite  the  lesion — due  to  the  pressure  of  the  neoplasm  on  the 
pyramidal  tract  above  the  decussation  of  its  fibers.  The  presence  of  a 
tumor  in  such  a  position  should  be  easily  recognized,  and  in  the  hands 
of  a  competent  surgeon,  with  experience  in  cerebral  surgery,  the  results 
of  operation  are  good. 

In  the  great  majority  of  cases,  however,  where  the  nerve  is  affected, 
disturbances  of  hearing  are  due  to  disease  of  the  internal  ear,  and  this 
disease  may  be  primarily  in  the  internal  ear  or  secondary  to  disease  of 
the  middle  ear  or  inside  the  skull.  Primary  disease  may  be  due  to  such 
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conditions  as  severe  cold,  a  fall,  or  a  blow,  sunstroke  or  associated 
with  malarial  fever,  typhoid,  scarlatina,  syphilis,  measles,  diphtheria, 
influenza,  leukocythemia,  Bright's  disease,  diabetes,  and  mumps. 
Secondary  changes  in  the  labyrinth  may  follow  inflammation  of  tho 
middle  ear,  or  may  be  due  to  extension  from  intracranial  disease  as  in 
cerebrospinal  meningitis.  Certain  drugs  such  as  quinine  and  salicylic 
acid  taken  in  large  doses  or  continuously,  as  well  as  the  excessive 
use  of  tobacco  may  give  rise  to  subjective  noises  or  deafness.  Deaf- 
ness is  often  one  of  the  symptoms  of  hysteria.  Congenital  deaf-mutism 
need  only  be  mentioned  here. 

Treatment. — The  consideration  of  the  treatment  of  diseases  of  the 
middle  ear  and  labyrinth  belongs  to  the  sphere  of  the  otologist,  and 
the  reader  is  referred  to  special  books  on  the  subject.  At  the  same 
time  some  points  of  general  importance  might  here  be  mentioned. 
When  the  disease  is  in  the  external  ear,  that  is,  when  it  obstructs  the 
passage  of  the  vibrations  of  sound  to  the  internal  ear,  but  the  latter 
is  healthy,  then  the  sound  of  the  tuning-fork  will  still  be  perceived  if 
it  be  placed  on  some  bony  part  of  the  skull,  but  if  it  is  held  before  the 
meatus  its  sound  will  be  obscured.  If,  on  the  other  hand,  the  labvrinth 
is  diseased,  then  bone  conduction  will  be  relatively  diminished  or  lost. 
Normally  aerial  conduction  is  better  than  bony  conduction;  that  is, 
after  the  vibrations  of  a  tuning-fork  placed  on  the  skull  can  no  longer 
be  perceived  they  will  again  be  heard  if  it  is  held  before  the  external 
meatus. 

We  have  no  means  of  distinguishing  between  disease  of  the  laby- 
rinth and  a  lesion  of  the  nerve  itself  save  by  associated  symptoms. 
In  each  case  the  deafness  is  the  same  and  may  be  associated  with 
symptoms  of  irritation — subjective  sounds  or  tinnitus  aurium.  This 
symptom  is  often  a  most  obstinate  accompaniment  of  neurasthenic 
states  and  hysteria,  probably  because  of  the  introspective  and  self- 
centred  state  of  mind  of  these  patients.  It  is  also  frequently  a  symp- 
tom of  anemia,  aneurysm  of  the  cerebral  arteries,  or  simply  of  a  general 
arteriosclerosis,  especially  when,  with  a  high  maximum  blood  pressure, 
the  minimum  or  diastolic  pressure  is  relatively  low.  It  is  often  caused 
by  gout  and  syphilis.  Individuals  exposed  to  great  noise,  as  machinists, 
boiler-makers,  and  so  on,  often  suffer  from  tinnitus. 

One's  first  efforts  must  be  to  remove  or  treat  the  disease  of  the 
labyrinth,  and  for  this  the  reader  is  referred  to  books  on  otology. 
In  gout,  relief  is  sometimes  obtained  by  alkalies  and  purgation; 
in  syphilis,  good  results  will  follow  energetic  antiluetic  treatment  in 
early  cases.  In  chlorosis  and  the  anemias  the  proper  treatment  for 
these  diseases  will  give  corresponding  relief  to  the  ear  symptoms,  and 
in  arteriosclerosis  much  can  be  done  by  levelling  the  blood  pressure 
by  appropriate  means.  Sometimes,  in  my  experience,  it  is  not  essential 
to  lower  the  maximum  pressure  to  any  extent,  but  relief  is  obtained 
if  the  minimum  pressure  rises  to  more  normal  relations  with  the  maxi- 
mum. Those  suffering  in  consequence  of  habitual  exposure  to  loud 
sounds  should  obtain  quiet  and  rest  or  protect  the  ear  by  obstructing 
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the  external  meatus.  In  cases  where  no  cause  is  discoverable,  bromides, 
either  alone  or  combined  with  belladonna  and  cannabis  indica,  have 
been  recommended.  Counterirritation  over  the  mastoid  in  some  seems 
to  act  beneficially.  Section  of  tlie  eighth  nerve  has  even  been  attempted 
in  the  effort  to  cure  the  aggravating  symptoms,  but  the  results  have 
in  most  cases  been  disastrous. 

Disturbances  of  Vestibular  Nerve. — Affections  of  this  nerve  are 
usually  associated  with  disease  of  the  cochlear,  but,  so  far  as  one  can 
separate  them  clinically,  diseases  of  this  nerve  lead  to  disorders  of 
coordination  and  vertigo,  giving  rise  to  a  condition  known  as  Meniere's 
disease.  In  this  disease  there  is  always  more  or  less  of  an  impairment 
of  hearing  with  tinnitus  and  attacks  of  vertigo  which  come  on  with 
great  suddenness,  the  individual  falls  as  if  struck  by  an  unseen  hand 
and  may  lie  unconscious  for  a  moment.  The  vertigo  is  of  a  very  definite 
character,  often  the  patient  feels  that  he  is  turning  around  like  a  top, 
or  in  other  cases  surrounding  objects  seem  to  be  rotating.  It  is  often 
associated  with  nausea  and  vomiting  and  usually  is  followed  by  a 
severe  headache.  Frequently  just  before  an  attack  there  is  an  increase 
in  the  tinnitus,  the  roaring  becoming  higher  and  more  shrill.  These 
attacks  vary  in  frequency,  coming  on  in  some  cases  daily,  in  others 
at  much  longer  intervals. 

Treatment. — The  same  treatment  as  has  been  suggested  under  dis- 
ease of  the  labyrinth  holds  good  for  this  condition,  but  the  results  are 
often  far  from  satisfactory  and  operative  treatment  with  removal  of  the 
semicircular  canals  is  sometimes  resorted  to.  Such  radical  measures 
of  course  result  in  complete  deafness.  Lumbar  puncture  has  been 
recommended  by  Babinski  as  an  effectual  remedy,  though  it  is  difficult 
to  see  just  how  this  would  act.  He  recommends  the  withdrawal  of 
from  3  to  20  c.c.  of  spinal  fluid. 

THE  GLOSSOPHARYNGEAL  OR  NINTH  NERVE 

The  glossopharyngeal  nerve  is  a  mixed  nerve  containing  motor, 
sensory,  and  visceral  fibers.  The  sensory  fibers  originate  in  the  jugular 
and  petrous  ganglia  and  send  one  branch  peripheralward  and  the 
other  centrally  to  enter  the  medulla  just  laterally  to  the  olive.  They 
then  penetrate  in  a  medial  and  dorsal  direction  to  end  for  the  most 
part  in  the  nucleus  solitarius.  Some  fibers  end  in  the  dorsal  nucleus 
in  the  floor  of  the  fourth  ventricle.  The  motor  fibers  originate,  like 
those  of  the  vagus  nerve  in  the  nucleus  ambiguus,  and  after  running 
dorsally  and  toward  the  median  line  turn  laterally  and  then  ventrally 
in  a  manner  similar  to  what  one  sees  in  the  seventh  nerve  and  joining 
the  sensory  fibers  pass  out  of  the  medulla  on  its  lateral  border.  The 
nerve  leaves  the  skull  at  the  central  part  of  the  jugular  foramen  in  a 
separate  sheath  of  the  dura  mater  external  to  and  in  front  of  the  vagus 
and  spinal  accessory  nerves.  The  superior  or  jugular  ganglion  is 
situated  in  the  upper  part  of  the  groove  in  which  the  nerve  is  lodged 
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during  its  passage  through  the  jugular  foramen,  and  the  inferior  or 
petrous  gangUon  is  situated  in  a  depression  in  the  lower  borrler  (jf  the 
petrous  portion  of  the  temporal  bone.  It  forms  various  connections 
with  the  vagus  and  the  sympathetic  nerves  and  also  with  the  facial. 
It  supplies  the  tympanum  and  the  Eustachian  tube  with  sensation 
through  the  tympanic  (or  Jacobson's)  branch,  and  the  pharynx  possibly 
gets  some  of  its  sensory  innervation  also  from  its  pharyngeal  branch. 
It  also  conveys  the  fibers  of  taste  to  the  circumvallate  papillae  on  the 
posterior  third  of  the  tongue;  where  these  originate  is  still  a  matter 
of  doubt.  Its  visceral  fibers  go  to  the  carotid  plexus  and  probably 
to  the  tonsils. 

Our  knowledge  of  the  functions  of  this  nerve  is  extremely  limited 
owing  to  its  close  association  and  connection  wdth  the  vagus  and  the 
fact  that  the  nuclei  of  these  two  nerves  and  that  of  the  eleventh  nerve 
are  all  extensions  of  the  same  nuclear  group.  These  nerves  seldom 
suffer  singly;  the  glossopharyngeal  may  be  damaged  by  tumors  at  the 
base  of  the  brain,  or  may  be  involved  along  with  others  in  an  inflam- 
matory focus,  a  superior  polioencephalitis.  In  abiotrophic  conditions 
aflfecting  the  bulbar  nuclei,  e.  g.,  glosso-labio-pharyngeal  paralysis,  it 
degenerates  with  others. 


THE  VAGUS  OR  TENTH  NERVE 

Anatomical  Relations. — The  vagus  is  distributed  to  the  great  internal 
organs.  It  innervates  the  pharynx  and  esophagus,  the  larynx  and  the 
lungs,  the  heart,  the  stomach,  and  intestines.  It  contains  not  only 
motor  and  sensory  fibers  but  visceral  as  well.  For  the  histology  and 
functions  of  this  nerve  we  are  much  indebted  to  the  recent  work  of 
L.  R.  Muller,  in  Augsburg.  The  motor  fibers  which  supply  the  volun- 
tary muscles  of  the  pharynx  and  larynx  undoubtedly  originate  in  the 
nucleus  ambiguus  which  lies  in  the  medulla  medialward  and  slightly 
dorsally  from  the  substantia  gelatinosa  of  Rolando  and  the  descending 
root  of  the  fifth  nerve,  the  fibers  first  run  dorsally  and  slightly  medially 
and  then  hook  around  laterally  and  ventrally  in  the  same  way  as  the 
glossopharyngeal  fibers  do  to  become  superficial  on  the  lateral  surface 
of  the  medulla  just  outside  the  olive. 

The  visceral  fibers  which  innervate  the  visceral  organs  originate  in 
the  dorsal  nucleus  of  the  vagus  in  the  floor  of  the  fourth  ventricle  just 
lateral  to  the  upper  end  of  the  hypoglossal  nucleus;  running  ventrally 
and  slightly  laterally  they  become  superficial  with  the  motor  root. 
They  act  on  the  various  viscera  through  their  association  with  cells 
of  the  sympathetic  system  type  located  both  in  the  jugular  ganglion 
and  in  the  walls  of  the  various  organs.  In  this  respect  the  visceral 
nucleus  of  this  nerve  represents  the  intermediolateral  nucleus  of  the 
gray  matter  of  the  spinal  cord,  while  the  nucleus  ambiguus  represents 
the  anterior  horn  cells.  The  sensory  fibers  have  their  trophic  centres 
in  the  ganglion  jugulare  and  the  ganglion  nodosum,  thence  the  fibers 
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enter  the  inodulla  with  the  motor  fibers  and  terminate  about  the  nucleus 
of  the  t'aseicukis  solitarius,  which  is  the  representative  of  the  posterior 
horn  of  the  cord. 

It  does  not  differ  in  this  respect  from  other  cranial  and  spinal  nerves 
which  contain  fibers  with  vegetative  functions  distributed  to  the  vessels, 
sweat  glands  and  the  erector  pilaj  muscles,  the  unstriped  tissue  of  the 
iris  and  the  ciliary  muscles,  and  so  on,  but  in  the  vagus  these  visceral 
fibers  are  derived  from  cells  in  its  own  ganglion,  the  jugular  ganglion, 
and  not  from  any  sympathetic  ganglion  interposed,  as  is  seen  in 
the  other  nerves.  The  nerve  makes  its  superficial  origin  in  twelve  to 
eighteen  fine  bundles  of  fibers  from  the  side  of  the  medulla  behind  the 
olive  and  below  the  glossopharyngeal  fibers.  These  fine  bundles  unite  to 
form  one  large  root  while  still  within  the  cranium,  and  there  is  formed 
a  slight  enlargement  about  the  size  of  a  pea,  the  jugular  ganglion.  It 
then  passes  through  the  jugular  foramen  to  the  outside  of  the  cranium 
and  gives  off  the  meningeal  and  the  auricular  branches.  Then  there  is 
a  second  enlargement,  the  ganglion  nodosum.  The  vagus  differs  from 
the  other  cranial  nerves,  save  the  glossopharyngeal  in  having  then  two 
ganglia;  possibly  this  may  point  to  its  being  phylogenetically  two 
nerves  joined  into  one.  Numerous  connections  with  the  ninth  and 
eleventh  and  with  the  superior  cervical  sympathetic  are  formed  here. 
It  then  takes  its  long  course  to  the  stomach,  giving  off  branches  to  the 
lower  half  of  the  esophagus  to  form  a  plexus.  The  first  branch  from 
the  vagus  is  the  meningeal,  which  is  given  off  immediately  behind  the 
ganglion  jugulare  and  runs  to  the  dura  mater,  which  it  probably  supplies 
in  part  w4th  sensibility  and  possibly  it  has  vasomotor  functions  as 
well.  The  second  branch  is  the  auricular,  running  from  the  short  part 
between  the  two  ganglia  of  the  nerve.  It  receives  fibers  from  the  glosso- 
pharyngeus  and  goes  to  the  mastoid  canaliculi  and  thence  to  the  skull 
cavity.  The  auricular  branch  supplies  the  external  auditory  meatus 
with  sensibility,  and  by  irritation  of  the  meatus  coughing  is  caused 
by  radiation  of  the  irritation  to  the  neighboring  fibers  of  the  superior 
laryngeal  nerve. 

After  its  exit  from  the  skull  cavity  the  vagus  passes  through  the 
ganglion  nodosum  and  gives  off  the  pharyngeal  branches.  These  form 
with  the  fibers  from  the  glossopharyngeal  nerve  and  with  branches 
of  the  superior  cervical  sympathetic  the  plexus  pharyngeus,  which  is 
chiefly  motor  in  character  and  innervates  the  muscles  (constrictores 
pharyngis,  levator  veli  palatini,  m.  azygos,  ra.  glossopalatinus,  m.  • 
pharyngopalatinus).  Fine  fibers  from  the  neighboring  accessory  nerve 
form  connections  with  the  ganglion  nodosum  and  vagus  stem  and 
its  branches  to  the  pharynx. 

The  sensory  innervation  of  the  pharynx  and  larynx  is  almost  com- 
pletely supplied  by  the  superior  laryngeal  nerve.  This  branch  rises 
from  the  lower  half  of  the  ganglion  nodosum.  Often  it  gives  off  fine 
motor  branches  to  the  constrictor  pharyngeus  and  sometimes  branches 
to  the  cricothyroideus.  In  the  throat  it  innervates  the  mucous  mem- 
brane of  the  most  posterior  part  of  the  tongue,  the  epiglottis  and  its 
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neighborhood,  and  that  of  the  larynx.  Through  stimulation  of  these 
nerve  endings,  especially  sensitive  swallowing  spots  of  the  mucous  mem- 
brane of  the  root  of  the  tongue  and  the  posterior  wall  of  the  pharynx, 
the  swallowing  act  is  started.  This  consists  in  a  raising  of  the  tongue 
against  the  roof  of  the  mouth,  and  in  a  closing  off  of  the  nasal  cavity 
by  the  palate;  the  epiglottis  rises  and  with  the  posterior  part  of  the 
tongue  closes  oflF  the  larynx.  Thus  both  the  sensory  and  motor  part 
of  the  swallowing  reflex  arc  are  almost  completely  in  the  branches 
of  the  vagus.  The  centre  for  deglutition  lies  in  the  medulla,  thence  the 
fibers  of  the  sensory  vagus  nucleus,  the  nucleus  fasciculus  solitarius, 
must  connect  with  the  motor  nucleus  (nucleus  ambiguus)  of  this 
nerve.  Reflex  connection  between  the  deglutition  centre  and  the  respi- 
ratory centre  causes  reflex  inhibition  of  respiration  during  the  act  of 
swallowing.  The  feeling  of  air  hunger  is  suppressed  at  the  moment 
of  swallowing,  the  latter  taking  precedence  once  the  act  is  started. 

The  inferior  or  recurrent  laryngeal  nerve  is  the  motor  ner^•e  to 
the  larynx.  It  innervates  all  the  laryngeal  muscles  except  the  crico- 
thyroideus,  also,  it  gives  sensory  branches  to  the  trachea  and  numerous 
branches  to  the  cardiac  plexus  and  one  to  the  aorta  (nervus  depressor). 
Although  the  fibers  of  the  recurrent  laryngeal  branch  are  chiefly  motor 
it  contains  also  visceral  and  sensory  ones,  which  will  be  considered 
more  fully  later.  It  may  (according  to  Miiller)  convey  fibers  which 
innervate  the  vessels  of  the  larynx  or  the  thyroid  gland.  The  tracheal 
nerves  supply  the  mucous  membrane  of  the  respiratory  passages  with 
sensibility  and  set  up  the  cough  reflex  when  irritated.  The  function 
of  the  pulmonary  plexus  is  least  understood.  The  fibers  of  the  vagus 
which  go  to  the  lung  supply  the  bronchial  mucous  membrane  with 
sensation — whether  they  act  in  regulating  respiration — as  Kernig  and 
Brauer  hold,  is  not  demonstrated  with  certaintj^  Following  bilateral 
section  of  the  vagus,  respiration  becomes  slower  and  deeper.  Possibly 
this  is  because  normally  at  the  conclusion  of  inspiration  expiration  is 
excited  through  the  vagus.  Centripetal  vagus  fibers  have  an  inhibitory 
action  on  the  respiratory  centre  according  to  latest  investigations.  By 
stimulation  of  the  pulmonary  vagus  inspiration  is  inhibited. 

Action  and  Symptoms. — The  centripetal  fibers  of  the  pulmonary 
vagus  contain,  as  do  the  superior  laryngeal  and  the  tracheal  branches, 
sensory  fibers  whose  irritation  (by  poisonous  gases)  leads  to  inhibition 
of  the  respiratory  centre.  It  is  impossible  to  say  whether  these  are 
sympathetic  (viscerosensory)  or  purely  sensory;  probably  they  are 
sensory,  as  foreign  bodies  set  up  forcible  coughing.  The  centrii)etal 
fibers  of  the  pulmonary  vagus  do  not  serve  for  the  conduction  of  the 
sensation  of  air  hunger;  section  of  the  vagi  does  not  give  rise  to  cessa- 
tion of  respiration.  The  respiratory  centre  is  responsible  for  the 
sensation  of  air  hunger  and  it  is  excited  not  only  by  the  diminution 
of  oxygen  in  the  blood  but  by  the  increase  in  the  carbonic  acid  gas. 

It  is  certain  that  the  pulmonary  vagus  has  centrifugal  fibers  and 
by  stimulation  of  these  fibers  contraction  of  the  unstri])ed  bronchial 
muscle  is  produced.   After  section  of  the  vagus  the  bronchioles  become 


THE  VAGUS  OR  TENTH  NERVE 


549 


dilated.  We  do  not  know  what  the  exact  physiological  purpose  of  the 
bronchial  musculature  is.  Its  contraction  under  certain  pathological 
conditions  produces  bronchial  asthma  and  may  lead  under  conditions 
of  great  emotional  strain  to  a  condition  of  dyspnea  and  stridulous 
breathing  which  when  prolonged  is  termed  asthma  nervosum.  By 
stimulation  of  the  vagus  an  increase  in  the  respiratory  metabolism  is 
produced  and  at  the  same  time  a  slowing  of  the  heart.  The  vagus  has 
an  inhibitory  and  slowing  action  on  the  heart.  Section  of  both  vagi 
causes  increased  frequency  of  the  heart's  action.  Stimulation  produces 
inhibition  and  cessation  in  diastole. 

The  cardiac  inhibitory  centre  is  in  the  medulla  in  the  dorsal  vagus 
nucleus  and  it  can  be  excited  (1)  by  increased  intracranial  pressure; 
(2)  by  psychical  influences  as  the  emotions — pleasure,  for  instance, 
slows  and  strengthens,  worry  hastens  it;  (3)  by  irritation  of  sensory 
nerves  causing  pain,  whether  spinal  or  viscerosensory;  and  (4)  by 
sensory  paths  which  run  in  the  vagus  branches  to  the  heart,  the 
so-called  depressor  cordis  nerves. 

As  a  matter  of  fact,  stimulation  of  the  central  stump  of  the  extra- 
cardiac  vagus  branches  diminishes  the  frequency  of  the  heart  beat, 
and  this  disappears  after  section  of  the  vagus.  Later  observations 
(Koster  and  Tschermak)  show  that  the  depressor  breaks  up  into  many 
branches  on  the  aorta  and  is  there  influenced  through  increase  in 
blood  pressure  producing  a  slowed  heart  action  and  lowered  pressure. 
Viscerosensory  fibers  in  the  depressor  cordis  nerves  form  then  a  visceral 
reflex  arc.  The  fibers  from  the  sympathetic  system  to  the  heart  act  as 
antagonists  of  the  vagus.  Their  stimulation  increases  the  rapidity  of 
the  heart  action.  They  come  from  the  first  dorsal  especially  and  also 
from  some  of  the  higher  ganglia;  they  run  into  the  stellate  ganglion 
and  thence  as  non-myelinated  fibers  to  the  cardiac  plexus. 

I  believe  that  the  unpleasant  sensations  in  the  cardiac  region,  suflfered 
by  many  patients  with  heart  disease,  are  conveyed  by  these  sympa- 
thetic fibers  to  the  cord  and  thence  to  consciousness.  The  pain  in  the 
chest  and  down  the  inside  of  the  left  arm  in  the  area  of  the  eighth 
cervical  and  the  localized  tenderness  so  often  present  in  this  region 
are  explained  by  irradiation  of  the  excitations  which  come  to  the  upper 
dorsal  and  lower  cervical  cord  through  these  sympathetic  fibers.  The 
vagus  does  not  carry  unpleasant  sensations  from  the  heart. 

The  vagus  supplies  not  only  the  pharynx  but  the  lower  and  middle 
parts  of  the  esophagus.  There  is  no  unanimity  of  opinion  as  to  whether 
its  action  results  in  the  opening  or  closing  of  the  esophagus  and  the 
cardia.  Some  time  after  section  of  the  vagus  the  loss  of  tone  of  the 
cardia  and  the  disturbances  of  swallowing  are  recovered  from.  But 
we  must  understand  that  the  musculature  of  the  esophagus  and  the 
cardia  carries  its  own  innervation  organs,  and  the  fibers  of  the  sympa- 
thetic and  the  vagus  have  only  an  exciting  or  inhibitory  action  on  these 
ganglion  cells. 

Action  on  Stomach. — On  the  stomach  musculature  the  vagus  has  a 
stimulating  action.   Section  of  the  vagus  in  the  neck  of  a  dog  slows 
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the  movements  in  the  stomach  wall  (Pawlow).  After  some  time,  how- 
ever, the  movements  return  to  normal.  Artificial  stimulation  of  the 
vagus  increases  gastric  peristalsis.  Irritation  of  sensory  nerves  any- 
where in  the  body,  when  associated  with  pain,  produces  inhibition  of 
the  stomach  movements;  emotional  excitement  may  act  similarl\-.  We 
should  remember  that  the  vagus  does  not  innervate  the  btomach 
musculature  directly,  but,  as  in  the  case  of  the  esophagus,  acts  on  the 
ganglion  cells  lying  in  the  stomach  wall.  The  vagus  may  also  start 
up  antiperistaltic  movements  and  the  act  of  vomiting.  Vomiting 
doubtless  depends  on  the  action  of  a  definite  centre  in  the  medulla. 
By  increased  intracranial  pressure  or  other  diffuse  disturbance  in  the 
brain,  e.  g.,  concussion,  we  see  "cerebral  vomiting"  due  to  the  irrita- 
tion of  the  medullary  centre.  Emotional  disturbances  with  the 
sensation  of  nausea  may  also  excite  this  antiperistaltic  centre  of  the 
medulla. 

Action  on  Gastric  Secretion. — The  influence  of  the  vagus  on  the  gastric 
glandular  secretion  is  very  important.  It  is  common  knowledge  that 
the  sight  or  smell  of  food  starts  up  secretion  of  the  gastric  juice.  Paw- 
low  has  shown  that  in  dogs  the  sight  of  meat  or  bread  sets  up  in  a  short 
time  a  richer  secretion  of  gastric  juice  than  does  the  sight  of  milk. 
This  must  take  place  through  the  vagus,  because,  after  section  of  the 
vagus,  secretion  from  the  peptic  glands  ceases,  but  commences  again 
on  stimulating  the  peripheral  end  of  the  cut  vagus.  There  is  no  evi- 
dence to  show^  that  the  vagus  nerve  contains  centripetal  fibers  from  the 
stomach  to  the  brain.  The  tenderness  and  pain  in  the  hypochondrium 
and  to  the  left  of  the  spine,  so  common  in  gastric  disease,  is  no  doubt 
due  to  the  impulses  conveyed  to  the  cord  by  the  sympathetic  radiating 
into  the  corresponding  nerve-root  distribution.  The  vagus  has  an  excit- 
ing influence  on  the  peristalsis  of  the  small  intestine  in  opposition  to 
the  splanchnic  nerves  which  inhibit  its  movements. 

Action  on  Pancreas. — Its  action  on  the  pancreas  is  not  certain  but 
according  to  Pawlow  stimulation  of  this  nerve  causes  an  increase  in 
the  secretions  of  this  gland.  The  sympathetic  fibers  also  cause  an 
increase  of  the  secretions  of  the  pancreas,  but  there  are  diflferences 
in  the  secretion  from  that  produced  when  the  vagus  is  stimulated. 
With  the  latter  the  juice  is  more  concentrated  and  contains  more 
ferments.  Fibers  from  the  vagus  go  to  the  liver,  chiefly  to  the  gall- 
bladder and  Glisson's  capsule.  Their  function  is  not  known  with 
certainty,  but  if  a  needle  be  introduced  experimentally  into  the  vagus 
nucleus  in  the  floor  of  the  fourth  ventricle,  sugar  is  excreted  in  the 
urine  after  a  few  hours.  This  would  suggest  that  the  vagus  was 
responsible,  but  on  the  other  hand  it  occurs  if  both  the  vagi  are  cut, 
and  does  not  occur  if  the  splanchnic  nerves  have  been  severed. 

Action  on  Kidney. — Little  is  known  of  the  influence  of  the  vagus  on 
the  activity  of  the  kidneys.  Arthaud  and  Butte  have  found  it  to  have 
an  inhibitory  action  on  the  urinary  secretion,  and  section  of  the  vagus 
below  where  the  cardiac  branches  are  given  off,  gives  rise  to  an  increase 
in  the  secretion,  probably  through  the  uncontrolled  vasodilator  action 


THE  SPINAL  ACCESSORY  OR  ELEVENTH  NERVE  551 


of  the  sympathetic  branches  arising  from  the  dorsal  segments  of  the 
cord.  In  this  connection  it  is  interesting  to  note  the  general  antagonism 
between  the  vagus  and  the  geneml  sympathetic  system.  •  Irritation 
of  the  vagus  causes  contraction  of  the  bronchial  musculature,  while 
that  of  the  sympathetic  gives  rise  to  widening  of  the  lumen  of  the 
bronchi.  The  vagus  inhibits  the  heart's  action,  the  sympathetic 
through  its  nervi  accelerantes  produces  a  quickening.  The  splanchnic 
sympathetic  inhibits  the  small  intestinal  peristalsis  and  the  vagus 
excites  it. 

The  vagus  centres  may,  as  has  already  been  shown,  be  influenced 
by  increased  intracranial  pressure  causing  a  slowness  of  the  pulse, 
heightened  blood  pressure,  and  often  cerebral  vomiting.  It  may  be 
influenced  by  emotional  conditions,  such  as  extreme  pleasure,  pain  or 
nausea.  It  would  appear  also  to  be  responsible  largely  for  many  of 
the  symptoms  associated  with  shock. 

The  centre  also  may  be  involved  in  new  growths  or  vascular  lesions, 
such  as  thrombosis  of  the  posterior  cerebellar  artery,  or  in  inflammatory 
lesions  such  as  one  finds  in  poliomyelitis,  but  it  is  seldom  affected  alone 
in  these  conditions.  Superficially  the  nerve  fibers  may  be  involved  in 
a  meningitis  of  any  nature,  often  giving  rise  to  an  irregularity  of  the 
pulse. 

In  the  various  neuroses  it  is  most  commonly  affected,  producing  the 
well-recognized  symptoms  of  cardiac,  gastric,  or  intestinal  neurosis, 
either  through  its  own  functional  disturbance  or  through  its  failing  to 
control  the  activity  of  the  antagonistic  sympathetic  system. 

Treatment. — The  treatment  of  diseases  affecting  the  vagus  will  be 
the  treatment  of  the  underlying  condition,  whether  it  be  of  an  organic 
nature,  or  a  mental  and  emotional  condition.  Therapeutically,  atro- 
pine has  a  paralyzing  action  on  the  peripheral  terminations  of  the 
vagus  fibers,  while  adrenalin  exerts  a  stimulating  action  on  the  sympa- 
thetic fibers. 


THE  SPINAL  ACCESSORY  OR  ELEVENTH  NERVE 

The  spinal  accessory  nerve  arises  from  two  sources — the  medullary 
portion  is  in  reality  a  part  of  the  vagus  arising  from  the  same  nuclei, 
while  the  spinal  portion  originates  in  a  long  column  of  cells  lying  in  the 
lateral  part  of  the  anterior  horn  in  the  upper  five  cervical  segments 
of  the  cord.  These  bundles  of  fibers  ascend  to  the  brain  to  join  the 
root  of  the  medullary  portion  and  make  their  exit  with  it  from  the 
cranium  through  the  jugular  foramen.  It  supplies  the  sternocleido- 
mastoid muscle  and  part  of  the  trapezius.  It  may  be  involved  in 
conditions  at  the  base  of  the  brain  or  in  caries  of  the  upper  cervical 
vertebrte  with  the  other  nerves,  but  the  more  common  sources  of  its 
paralysis  are  in  the  neck,  glandular  enlargements,  and  exposure  to  cold. 

The  symptom  of  paralysis  of  the  spinal  part  of  this  nerve  is  the 
paralysis  of  the  two  muscles  it  supplies.     The  sternocleidomastoid 
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turns  the  head  to  the  opposite  side  and  tilts  the  ehin,  and  the  trapezius 
moves  the  head  backward  and  toward  the  same  side  and  elevates  the 
shoulder.  The  accessory  nerve  innervates  only  the  clavicular  and 
acromial  portion  of  this  muscle,  as  a  rule,  but  this  is  apparently 
variable. 

The  diagnosis  is  made  by  the  evidence  of  weakness  in  these  muscles 
with  the  consequent  atrophy  and  changes  in  their  electrical  excitability. 

Treatment. — The  treatment  will  depend  on  the  cause  of  the  paralysis; 
when  this  is  only  temporary,  electrical  treatment  to  the  paralyzed 
muscles  with  the  galvanic  current  is  indicated.  If  contracture  has 
occurred  with  the  production  of  wry-neck  or  torticollis,  hot  applications 
followed  by  massage  and  passive  movements  will  in  some  cases  tend 
to  relieve  it.  If,  on  the  other  hand,  the  condition  is  of  too  long  stand- 
ing, tenotomy  of  the  contractured  muscle  and  forcible  correction  of 
the  deformity  may  have  to  be  resorted  to.  Spasmodic  torticollis,  more 
properly  called  tic,  must  be  differentiated  from  this  condition,  as  it 
does  not  represent  a  diseased  condition  of  these  nerves,  but  is 
dependent  on  a  mental  condition  entirely,  and  will  be  taken  up  in 
another  chapter. 


THE  HYPOGLOSSAL  OR  TWELFTH  NERVE 

The  hypoglossal  nerve  is  the  motor  nerve  to  the  tongue,  it  arises 
from  its  nucleus,  extending  from  the  lower  part  of  the  fourth  ventricle 
to  the  closed-in  portion  of  the  medulla,  where  it  lies  just  anterior  to 
the  central  canal.  Its  fibers  run  ventrally  and  emerge  from  the  medulla 
in  numerous  small  bundles  in  the  groove  between  the  olive  and  the 
pyramids.  It  leaves  the  skull  by  the  anterior  condyloid  foramen  and 
runs  some  distance  beneath  the  internal  carotid  artery  and  internal 
jugular  vein  on  its  way  to  supply  the  various  muscles  of  the  tongue. 
It  forms  connections  with  the  vagus  and  the  upper  three  cervical 
nerves. 

Paralysis  of  the  functions  of  the  hypoglossal  nerve  may  be  either 
supranuclear,  nuclear,  or  infranuclear.  Supranuclear  paralysis  results 
from  a  lesion  of  the  opposite  cortex  in  the  inferior  Rolandic  region  or 
of  the  corticonuclear  tract  in  the  internal  capsule,  the  crus,  and  the 
upper  part  of  the  pyramidal  tract.  It  is  usually  associated  with  a 
paralytic  weakness  of  the  extremities  on  the  same  side  as  that  of  the 
tongue,  as  in  lesions  of  the  upper  motor  neurones;  elsewhere  there  is 
no  resulting  atrophy.  The  tongue. on  being  protruded  deviates  to 
the  paralyzed  side  owing  to  the  action  of  the  healthy  geniohyoglossus 
muscle. 

Nuclear  disease  is  usually  of  a  degenerative  nature  and  is  generally 
bilateral  (Fig.  41 ).  The  nucleus  may,  however,  be  involved  in  an  inflam- 
matory focus  as  in  polioencei^halitis  or  by  new  growtlis.  However,  as 
the  two  nuclei  are  so  close  together,  they  are  usum11>-  both  involved, 
causing  an  atroi)hic  paralysis  of  the  whole  tongue;  protrusion  is  impos- 
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sible,  articulation  is  interfered  with,  and  swallowing  more  or  less  difficult.- 
The  nerve  itself  may  be  involved  in  the  medulla  by  vascular  lesions  or 
tumor  growths,  or  at  the  base  of  the  brain  by  meningeal  neoplasms; 
or  in  its  course  in  the  neck  by  tumors  or  stab  wounds,  or  in  caries  of 
the  first  and  second  cervical  vertebrae.  In  infranuclear  lesions  there 
results  an  atrophic  paralysis  of  the  homolateral  side  of  the  tongue. 
When  lying  in  the  mouth  the  paralyzed  side  may  lie  higher  than  the 
healthy  side  at  the  root,  owing  to  the  paralysis  of  the  hypoglossus. 
The  paralyzed  side  is  smaller  and  has  a  pitted  hummocky  appearance 
and  on  palpation  feels  soft  and  flabby.    If  the  lesion  has  afi'ected  the 

Fig.  41 


Atrophy  of  the  tongue  due  to  bilateral  lesion  of  the  hypoglossal  nucleus. 

nerve  fibers  in  the  medulla  there  will  often  be  a  hemiplegia  of  the 
opposite  side  of  the  body  owing  to  the  coincident  destruction  of  the 
pyramidal  tract.  If  the  nerve  be  aflFected  after  it  leaves  the  medulla 
the  atrophic  paralysis  of  one  side  of  the  tongue  is  usually  associated 
with  paralysis  of  the  palate  and  vocal  cords  of  the  same  side. 

Treatment. — The  treatment  will  depend  on  the  cause  of  the  paralysis. 
When  this  can  be  removed,  as  in  luetic  conditions,  it  will  be  advisable 
to  keep  the  tongue  muscles  in  as  good  a  state  of  nutrition  as  is  possible 
by  electrical  stimulation. 

LOCALIZATION  OF  ORGANIC  DISEASES  OF  THE  SPINAL  CORD 

In  the  study  of  diseases  of  the  nervous  system,  more  perhaps  than  in 
any  other  branch  of  internal  medicine,  a  careful  systematic  examination 
of  the  patient  is  necessary.  Many  of  the  symptoms  are  evident  to 
very  casual  observation,  and  the  temptation  to  make  a  snap  diagnosis 
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.frequently  leads  to  serious  mistakes.  The  history  of  the  case  should 
be  taken,  a  general  examination  of  the  patient  made,  and  the  condition 
of  the  nervous  system  investigated.  In  taking  the  history,  and  during 
the  general  examination,  much  will  be  learned  about  the  patient's 
mental  condition,  his  intelligence,  disturbances  of  cerebration,  the 
presence  of  insane  ideas,  hallucinations,  etc.,  and  any  defects  of  speech, 
dysarthrias  or  aphasias  will  be  noted,  and  further  investigations  may 
later  be  made  along  such  lines  as  may  be  indicated.  The  functions  of 
the  cranial  nerves  should  then  be  investigated  systematically  and  in 
order;  and  following  this  the  motor  system,  the  sensory  system,  and 
the  reflexes,  and  finally  the  gait  and  any  trophic  disturbance  should 
be  noted,  and  inquiries  should  be  made  respecting  bladder  and  rectal 
symptoms.    Electrical  examination  is  sometimes  of  diagnostic  value. 

From  the  extent  and  nature  of  the  symptoms  we  form  an  opinion  as 
to  the  seat  of  the  disease,  i.  e.,  we  localize  the  lesion  or  form  an  anatomical 
diagnosis.  From  the  history  of  the  mode  of  onset  and  other  features  of 
the  case  we  diagnosticate  the  nature  of  the  lesion,  i.  e.,  we  make  a  i)atlio- 
logical  diagnosis.  We  are  thus  in  a  position  to  form  a  broad  conception 
as  to  the  disease  in  the  case  we  are  investigating. 

Anatomical  Diagnosis. — Peripheral  Nerves. — Let  us  begin  with 
the  peripheral  part  of  the  nervous  system — the  peripheral  nerves — 
and  let  us  consider  a  mixed  nerve,  say  the  median.  We  know  it  is 
made  up  by  the  union  of  the  outer  and  the  inner  cords  of  the  brachial 
plexus  and  thus  gets  fibers  from  several  spinal  roots  from  the  fifth 
cervical  to  the  first  dorsal.  We  know  it  supplies  all  the  superficial 
muscles  on  the  front  of  the  forearm  except  the  flexor  ulnaris  and  some 
small  muscles  of  the  hand  (flexor  profundus  digitorum,  flexor  sublimis, 
flexor  longus  pollicis,  pronator  quadratus,  abductor,  opponens  and 
outer  head  of  the  flexor  brevis  pollicis,  and  the  first  and  second 
lumbricales).  We  know  also  that  it  supplies  the  skin  over  the  distal 
parts  of  the  first  two  fingers,  the  palmar  surface  of  the  thumb,  and 
a  part  of  the  radial  side  of  the  palm  of  the  hand. 

Head  and  his  fellow-workers  have  shown  also  that  the  sensory  fibers 
in  the  peripheral  nerves  can  be  divided  into  three  systems. 

1.  "Deep"  Sensibility. — Those  which  subserve  "deep"  sensibility, 
and  conduct  impulses  produced  by  pressure  and  the  movements  of 
the  parts.  The  fibers  of  this  system  run  mainly  with  the  motor  nerves 
and  are  not  destroyed  by  division  of  all  the  sensory  nerves  to  the  skin. 

2.  "  Protopathic"  Sensibility. — Those  which  subserve  "protopathic" 
sensibility  and  respond  to  painful  cutaneous  stimuli  and  to  extremes 
of  heat  and  cold,  but  they  do  not  enable  us  to  form  any  definite 
appreciation  of  the  locality  of  the  spot  stimulated.  (Similar  visceral 
protopathic  fibers  pass  to  the  internal  organs.)  Protopathic  fibers 
from  adjacent  nerves  overlap  each  other  to  a  considerable  extent. 

3.  "  Epicritic"  Sensibility. — Those  which  subserve  "ei)icritic"  sensi- 
bility, fibers  which  endow  the  skin  with  sensibility  to  light  touch. 
They  conduct  the  impulses  which  enable  us  to  localize  the  position  of 
cutaneous  stimuli,  to  discriminate  two  points  of  a  compass  and  to 
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appreciate  minor  degrees  of  h^at  and  cold.  There  is  little  overlapping 
in  the  distribution  of  these  fibers. 

When  the  sensory  impulse  reaches  the  spinal  cord  it  becomes  shunted 
into  tracts  devoted  to  the  conduction  of  impulses  grouped  in  a  way 
different  from  that  found  in  the  peripheral  nerves.  It  is  no  longer  a 
question  of  protopathic,  epicritic,  or  deep  sensibility.  The  tracts  in 
the  central  nervous  system  are  devoted  to  the  conduction  of  impulses 
concerned  with  pain,  heat,  cold,  and  touch,  and  the  sense  of  positions 
of  the  muscles.  The  fibers  for  these  various  forms  of  sensibility  travel 
up  more  or  less  well  recognized  paths  in  the  cord.  Entering  by  the 
posterior  roots  the  sensations  of  pain,  heat,  and  cold  travel  up  in  the 
gray  matter  a  distance  which  varies  with  each  form  and  then  cross  over 
in  the  posterior  commissure  to  the  opposite  side  and  continue  to  ascend 
in  the  anterolateral  tract.  Tactile  sensibility  evidently  has  more  than 
one  pathway  up  the  cord,  both  crossed  and  uncrossed,  while  the  sense 
of  position  of  the  muscles  is  conveyed  by  the  posterior  columns  and 
travels  up  to  the  nuclei  of  these  columns  on  the  same  side  on  which  it 
enters  the  cord.  Certain  fibers  in  the  posterior  roots  form  connec- 
tions directly  or  through  the  mediation  of  a  second  neurone  with  the 
anterior  horn  cells  of  the  same  segment,  subserving  the  reflex  arc  and 
the  maintenance  of  tone  in  the  muscles. 

Motor  Neurones. — With  regard  to  the  motor  apparatus  we  have  in 
the  lateral  columns  the  crossed  pyramidal  tract  and  a  smaller  column 
in  the  anterior  part  of  the  cord,  the  direct  pyramidal  tract,  conven  ing 
the  upper  motor  neurones  from  the  Rolandic  cortex.  It  was  formerly 
supposed  that  these  connected  up  directly  with  the  motor  cells  of  the 
anterior  horn,  but  Schafer  has  shown  that  this  is  not  the  case,  but  that 
they  terminate  about  the  cells  of  Clarke's  column  and  the  cells  of  the 
medial  portion  of  the  gray  matter.  Probably  through  the  mediation 
of  these  cells  they  form  their  connections  with  the  cells  of  the  anterior 
horns.  » 

These  upper  motor  neurones  convey  voluntary  impulses  from  the 
motor  cortex  to  the  anterior  horn  cells,  and  also  have  a  certain  restrain- 
ing, inhibitive  action  on  them,  so  that  a  lesion  of  the  upper  motor  neu- 
rones will  of  course  prevent  the  transmission  of  voluntary  impulses 
and  thus  cause  paralysis,  but  will  not  prevent  reflex  action;  in  fact, 
the  reflexes  will  be  accentuated  and  exaggerated  owing  to  the  with- 
drawal of  the  cerebral  restraint,  and  the  tone  of  the  muscles  will  also 
be  increased.  Atrophy  of  the  muscles  does  not  occur,  and  the  electrical 
reactions  are  not  altered. 

The  motor  cells  of  the  anterior  horns  of  the  gray  matter  are  the 
trophic  centres  for  the  muscles;  lesions  of  these  cells  cause  paralysis 
with  atrophy  of  the  muscles  they  supply,  with  changes  in  their  elec- 
trical reactions,  and  of  course  with  the  consequent  break  in  the  reflex 
arc;  from  the  falling  out  of  the  motor  part  there  is  loss  of  tone  and 
absent  reflexes. 

The  nutrition  of  the  bones,  joints,  and  skin  is  nffected  by  lesions  of 
the  posterior  nerve  roots  (as  is  seen  in  tabes),  but  irritation  of  the  root 
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has  ixiore  effect  than  simple  loss  of  function,  and  a  lesion  in  front  of  the 
ganglion  that  is  nearer  the  cord  is  more  liable  to  cause  trophic  changes 
than  one  behind  it.  Thus  in  acute  inflammatory  lesions  of  the  cord, 
intense  changes  of  nutrition  are  likely  to  affect  the  skin  below  the 
level  of  the  lesion — bed-sores  and  sloughs  form  rapidly  and  with  very 
slight  provocation. 

Reflexes. — The  reflexes  are  dependent  on  the  integrity  of  the  reflex 
arc.  It  has  been  shown  that  in  the  knee-jerk  and  other  tendon-jerks 
the  response  is  too  rapid  to  allow  the  impulse  to  travel  through  this 
arc  and  it  is  said  therefore  that  they  are  dependent  on  the  tone  of  the 
muscles,  but  the  tone  is  itself  dependent  on  the  integrity  of  the  reflex 
arc,  therefore  the  tendon-jerks  may  also  be  said  to  be  dependent  on 
this  integrity.  It  is  certain  that  a  break  in  the  arc  always  causes  a 
loss  of  the  tendon-jerk.  The  reflex  arc  for  the  triceps  and  wrist-jerk 
is  at  the  level  of  the  sixth  and  seventh  cervical  segments;  that  for  the 
knee-jerk  at  the  second,  third,  and  fourth  lumbar  segments;  the  ankle- 
jerk  at  the  level  of  the  fifth  lumbar  and  first  sacral ;  the  bladder  reflex 
is  in  the  third  sacral  and  the  anal  reflex  in  the  fourth  sacral  segment. 

The  so-called  superficial  reflexes,  the  abdominal,  epigastric,  and 
plantar,  are  cerebrospinal  reflexes  and  not  simply  spinal,  their  reflex 
arc  is  made  up  of  the  sensory  nerve  to  the  cord  and  thence  by  some 
afferent  path  to  the  brain,  returning  by  the  pyramidal  tract  to  the 
anterior  horn  and  thence  to  the  muscle.  We  expect  to  find  these 
absent  below  the  level  of  the  lesion  in  cases  of  transverse  lesions  of  the 
cord  involving  the  pyramidal  tracts,  and  also  in  cases  of  hemiplegia, 
especiall}'  when  the  paralysis  is  fairly  complete,  these  reflexes  are 
diminished  or  absent  on  the  paralyzed  side;  in  fact  in  any  cases 
where  the  pyramidal  tracts  are  fairly  completely  destroyed  these 
reflexes  will  be  impaired. 

Localization  in  Transverse  Section  of  Cord. — If  now  there  is  a  lesion 
in  the  centre  of  the  cord,  such  as  occurs  in  syringomyelia,  involving 
the  posterior  commissure  and  encroaching  as  it  so  often  does  on  the 
gray  matter  of  the  anterior  horns  in  places,  one  can  see  how  it  will 
cause  a  loss  of  sensibility  to  pain,  heat,  and  cold  over  varying  skin 
levels,  as  the  paths  for  these  sensations  from  the  same  skin  area 
pass  in  the  commissure  at  different  levels.  Tactile  sensibility  is  not 
necessarily  affected  as  there  are  alternate  paths  for  its  transmission  up 
the  cord.  If  the  anterior  horns  of  the  gray  matter  are  involved  one 
will  get  a  corresponding  atrophic  paralysis  of  the  muscles  supplied. 
This  is  commonly  seen  in  the  back  muscles  and  produces  curvature. 
It  may  affect  any  other  part  as  well.  If  the  pyramidal  tracts  are 
involved  by  this  or  any  other  lesion  we  get  a  spastic  paralysis  below 
the  site  of  the  lesion,  with  increased  reflexes  and  the  extensor  plantar 
response  (Babinski's  phenomenon). 

In  amyotrophic  lateral  sclerosis  (d,  negative;  //!^C,  a  muscle;  Tfto&ij, 
nutrition);  as  the  name  shows,  we  have  evidence  of  a  lesion  of  the 
anterior  horn  cells  and  also  of  a  degeneration  with  sclerosis  of  the 
pyramidal  tracts,  but  no  sensory  loss. 
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In  acute  poliomyelitis  {ttoXiS:;  =  gray  + /J.U£?,d:;  =  marrow)  we  have 
evidence  of  a  lesion  of  the  anterior  horns  with  consequent  atrophic 
paralysis — loss  of  tone,  loss  of  reflexes  and  electrical  changes,  and  no 
sensory  loss. 

In  subacute  combined  sclerosis — such  as  we  occasionally  see  asso- 
ciated with  severe  secondary  or  septic  anemias  where,  speaking 
generally,  there  is  degeneration  in  the  posterior  columns  and  the  pyra- 
midal tracts  chiefly,  one  gets  both  ataxia  and  spasticity — an  ataxic 
paraplegia;  this  is  not  the  name  of  a  disease  but  simply  of  a 
symptom. 

With  a  lesion  causing  a  hemisection  of  the  cord  one  gets  loss  of  sen- 
sibility to  pain,  heat,  and  cold  on  the  opposite  side  below  the  lesion, 
and  a  motor  paralysis  with  increased  tone  and  reflexes  and  Babinski's 
plantar  phenomenon  on  the  side  of  the  lesion,  with  loss  of  sense  of 
position  on  this  side  as  well. 

Localization  in  Vertical  Direction. — So  much  for  localization  in  the 
transverse  direction  in  the  cord.  We  must  now  consider  the  question 
of  localization  in  the  vertical  direction.  Now  one  must  remember 
that  although  it  is  not  so  evident  to  superficial  observation,  still  the 
human  body  is  built  on  a  segmental  plan  similar  to  what  we  see  in  the 
earthworm.  The  spinal  cord  illustrates  this  especially  well  and  it  is 
necessary  to  put  out  of  one's  mind  the  distribution  of  the  peripheral 
nerves,  made  up  as  most  of  them  are  by  contributions  from  several 
segments,  and  to  think  in  segments.  The  roots,  both  anterior  and 
posterior,  i.  e.,  motor  and  sensory,  are  given  off  from  the  cord  on  both 
sides  and  the  origin  of  each  of  these  represents  a  segment  of  the  cord, 
and  it  has  been  shown  by  clinicopathological  observation  and  experi- 
mentation that  each  segment  has  definite  functions,  each  supplies  a 
definite  area  of  skin  with  sensibility,  each  contains  motor  cells  for 
certain  muscles.  The  muscles,  especially  of  the  extremities,  being 
intersegmental,  i.  e.,  functioning  to  cause  the  movement  of  one  segment 
with  another,  receive,  as  we  should  expect  they  would,  innervation 
from  several  segments  of  the  cord,  and  the  accompanying  tables  show 
more  or  less  accurately  the  muscular  representation  in  the  cord. 

Each  segment  of  the  cord  supplies  a  definite  area  of  skin.  These 
areas  overlap  somew^hat,  but  by  means  of  cutting  two  alternate  pos- 
terior roots  of  the  same  side,  the  full  distribution  of  the  segment  between 
these  two  has  been  definitely  studied — careful  clinical  observation  and 
postmortem  study  of  cases  of  transverse  lesions  of  the  cord  have  also 
of  course  added  materially  to  our  knowledge  on  this  subject,  and  we 
must  add  also  the  work  of  Head  and  Campbell  in  observing  the  dis- 
tribution of  the  eruption  in  herpes  zoster  and  later  finding  the  char- 
acteristic lesion  in  the  corresponding  posterior  ganglion,  have  also 
been  of  consideral)le  help.  From  these  studies  we  have  comparatively 
definite  knowledge  of  the  segmental  sensory  localization  in  the  cord. 
The  following  charts  compiled  by  H.  H.  Tooth  from  the  records  of 
cases  in  the  National  Hospital  for  the  Paralyzed  and  Epileptic,  London, 
England,  are  in  my  experience  accurate  (Figs.  42,  43,  44,  and  45). 
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Chart  I 


Segments. 


Muscles. 


First 
cervical 


Second 
cervical 


Third 
cervical 


Fourth 
cervical 


Fifth 
cervical 


Rectus  capitis  lateralis 

Rectus  anticus  major 

Rectus  anticus  minor 

Obliquus  superior 

Obliquus  inferior 

Sternothyroid 

Sternohyoid 

Omohyoid 

Splenius 

Complexus 

Obliquus  inferior 

Sternothyroid 

Sternohyoid 

Omohyoid 

Splenius 

Complexus 

Sternomastoid 

Sternothyroid 

Sternohyoid 

Omohyoid 

Splenius 

Complexus 

Levator  anguli  scapulse 
Platysma 
Sternomastoid 
Diaphragm 

Sternomastoid 
Diaphragm 
Scalenus  medius 

Rhomboideus 

Subclavius 

Supraspinatus 

Infraspinatus 

Longus  colli 

Scaleni 

Pectoralis 

Subscapularis 

Teres  major 

Latissimus  dorsi 

Deltoideus 

Brachialis  anticus 

Biceps 

Coracobrachialis 
Serratus  magnus 


Segment  8. 


Sixth 
cervical 


Seventh 
cervical 


Eighth 
cervical 


First 
dorsal 


Muscles. 


Longus  colli,  scaleni. 
Scaleni. 
Pectoralis. 
Subscapularis. 
Teres  major. 
Latissimus  dorsi. 
Deltoideus. 
Brachialis  anticus. 
Biceps. 

Coracobrachialis. 

Serratus  magnus. 

Extensor  carpi  radialis  longior. 

Triceps. 

Anconeus. 

Supinator  longus. 

Longus  colU. 
Scaleni. 

Serratus  magnus. 

Triceps. 

Anconeus. 

Supinator  longus. 

Extensor  carpi  radialis  longior. 

Pronator  quadratus. 

Flexor  longus  pollicis. 

All  deep  muscles  in  front  of 
forearm  except  inner  half  of 
flexor  profundus  and  all  super- 
ficial muscles  in  front  of  fore- 
arm except  flexor  carpi  ulnaris, 
viz.,  flexor  radiahs  teres;  flexor 
carpi  radialis,  palmaris  longus, 
flexor  sublimis  digitorum. 

All  muscles  of  radial  and  pos- 
terior brachial  regions,  viz., 
extensor  ossis  metacarpi  polli- 
cis. 

Extensor  brevis  pollicis,  extensor 
indicis. 

Extensor  longus  pollicis,  extensor 

communis  digitorum. 
Extensor  minimi  digiti. 

Pronator  quadratus. 

Flexor  longus  pollicis. 

Deep  muscles  in  front  of  forearm 
except  flexor  profundus,  and 
all  superficial  in  front  of  fore- 
arm except  flexor  carpi  ulnaris 
as  in  seventh. 

All  muscles  of  radial  and  posl- 
brachial  region  as  in  seventh 
segment,  also  flexor  carpi  ul- 
naris. 

Flexor  profundus. 

Abductor,  ojiponens,  and  flexor 
brevis  pollicis. 

Flexor  brovis  minimi  digiti. 

Abductor  minimi  digiti. 

Lurabricales. 
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Chart  II 


Segments. 


First 
dorsal 


Fii-st 
lumbar 


Second 
lumbar 


Third 
liunbar 


Fourth 
lumbar 


Fifth 
liunbar 


First 
sacral 


Muscles. 


Adductor,  opponens,  and 

flexor  brevis  pollicis 
Adductor  minimi  digiti 
Lumbricales 


Abdominal  muscles 

(lower  part) 
Quadratus  lumborum 
Psoas 


Cremaster 
Psoas 


Psoas 

Pectineus 

Sartorius 

Iliacus 

Gracilis 

Quadriceps  extensor 
Adductor  longus  and 
brevis 


Pectineus 
Sartorius 
Quadriceps 
Adductor  magnus 
Obturator  externus 
Tensor  vaginae  femoris 
Semimembranosus 
Tibialis  anticus 

Semimembranosus 
Tibialis  anticus 
Gluteus  medius  and  mini- 
mus 
Pyriformis 
Obturator  intemus 
Gemelli 

Gluteus  maximus 
Semitendinosus 
Gastrocnemius 
Tibialis  posticus 
Flexor  longus  digitorum 

Pyriformis 
Obturator  intemus 
Gemelli 

Gluteus  maximus 
Semitendinosus 
Gastrocnemius 
Tibialis  posticus 
Flexor  longus  digitorum 
Biceps 

Pnroneus  longus  and 
brevis 

Extensor  longus  digi- 
torum 


Segments. 


Muscles. 


First 
sacral 


Second 
sacral 


Third 
sacral 


Fourth 
and 
fifth 

sacral 


Peroneus  tertius. 
Extensor  hallucis  proprius. 
Soleus. 
Popliteus. 

Adductor  minimi  digiti. 
Flexor  brevis  digitorum. 
Abductor  hallucis. 
Interossei  and  lumbricales. 


Extensor  longus  digitorum. 
Peroneus  tertius. 
Extensor  hallucis  proprius. 
Soleus. 
Popliteus. 

Abductor  minimi  digiti. 
Flexor  brevis  digitorum. 
Abductor  hallucis. 
Interossei  and  lumbricales. 
Ischiocavernosa. 


Ischiocavernosa. 
Accelerator  urinae. 
Sphincter  vesicae. 
Sphincter  ani. 


Accelerator  urinse. 
Sphincter  ani. 
Sphincter  vesicae. 
Levator  ani. 
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Segmental  Distribution— It  will  be  seen  that  the  segmental  distri- 
bution about  the  trunk  is  very  evident,  but  on  the  limbs  it  does  not 
appear  so  at  first  sight.    If  one,  however,  remembers  the  embryonic 

Fia.  42 


Chart  illustrating  the  segmental  spinal  sensory  areas.    Front  view. 


position,  that  we  are  originally  four-footed  creatures,  with  the  extremi- 
ties at  right  angles  to  the  body,  and  rotated  so  that  in  the  upper 
extremities  the  radial  border  points  forward,  and  with  a  similar  rotation 
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in  the  lower  extremities,  one  pan  see  immediately  how  the  segmen- 
tation is  followed  out.  The  distribution  of  the  first  four  cervical  seg- 
ments is  simple,  then  with  the  arm  in  the  embryonic  position  the 

Fia.  43 


Chart  illustrating  the  segmental  spinal  sensory  areas.    Rear  view. 

fifth  cervical  is  distributed  over  the  anterior  part,  the  sixth  slightly 
caudalward  and  so  on  with  the  rest  of  the  cervical  segments  and  the 
three  first  dorsal,  all  of  which  arc  distributed  in  their  proper  order  to 
VOL,  11—36 
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the  extremity.  In  this  way  the  fourth  cervical,  and  the  fourth  dorsal 
areas  become,  practically  speaking,  adjacent  on  the  trunk  at  about 


Chart  illustrating  the  segmental  spinal  sensory  Chart  illustrating  the  segmental  spinal  sen- 

areas.    Side  view.  sory  areas  of  the  lower  extremities. 

the  level  of  the  second  costal  cartilage.  The  same  thing  holds  good 
for  the  lower  limbs,  when  in  the  embryonic  position  the  anus  is  at  the 
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lower  extremity  of  the  body,  and  the  distribution  of  the  hist  two 
sacral  segments  are  immediately  about  this  point.  The  third  sacral 
segment  surrounds  this  and  is  distributed  over  the  buttocks  in  a 
saddle-shaped  area,  and  so  on,  as  is  shown  in  Fig.  45,  as  we  proceed 
cephalward. 

Each  segmental  area  is  distributed  in  its  proper  position  if  we 
conceive  the  body  to  be  in  the  embryonic  position.  Thinking  of 
it  in  this  way  there  is  no  difficulty  in  carrying  in  the  mind  a  fairly 
accurate  picture  of  the  segmental  sensory  distribution.  It  will  only  be 
necessary  to  remember  such  landmarks  as  the  second  costal  cartilage 
where  the  fourth  cervical  and  the  fourth  dorsal  areas  come  together — 
and  the  ensiform  cartilage  is  approximately  at  the  level  of  distribution 
of  the  seventh  dorsal  segment,  the  umbilicus  is  at  the  tenth  dorsal 
level,  the  fifth  lumbar  segment  is  distributed  over  the  outer  side  of 
the  calf  of  the  leg. 

Localization  of  Level  of  Lesion. — In  localizing  the  level  of  a  lesion  in 
the  cord  it  should  be  remembered  that  each  segment  overlaps  to  some 
extent,  especially  as  far  as  tactile  sensibility  is  concerned,  so  that  if 
the  lesion  of  the  cord  be  fairly  complete,  it  will,  by  stopping  the  passage 
upward  of  sensory  stimuli,  cause  more  or  less  complete  loss  of  sensibility 
below  the  level  of  the  lesion.  Yet  there  will  be  a  narrow  area <  at  the 
upper  margin  where  sensibility  is  simply  impaired,  and  it  is  the  upper 
border  of  this  that  will  indicate  exactly  the  highest  level  of  the  lesion 
in  the  cord.  Thus  a  lesion  at  the  level  of  the  first  dorsal  segment  would 
cause  a  loss  of  sensibility  in  the  inner  half  of  the  arm  and  forearm  to 
the  wrist,  and  on  the  body  below  the  second  costal  cartilage  level. 
As  the  ocular  fibers  of  the  sympathetic  leaves  the  cord  at  this  level, 
there  would  also  be  seen  alteration  in  the  size  of  the  pupil.  In  the  case 
of  a  paralyzing  lesion  the  pupil  would  be  small,  and  the  palpebral 
fissure  would  appear  narrow  owing  to  the  retraction  of  the  eye  caused 
by  paralysis  of  Miiller's  muscle.  There  would  also  be  noted  an  atrophic 
paralysis  of  the  small  muscles  of  the  hand,  especially  of  the  thumb. 
If  the  lesion  be  absolutely  complete  all  reflexes  are  abolished  below 
the  level — this  is  the  case  also  in  sudden  irritating  lesions,  even  when 
incomplete,  for  a  time  at  least — otherwise  there  will  be  a  spastic  paralysis 
below  the  level  of  the  lesion,  with  increased  tendon-jerks,  absence  of 
the  abdominal  and  epigastric  reflexes,  and  the  presence  of  an  extensor 
plantar  response  (Babinski's  phenomenon).  The  bladder  will  act  reflexly 
and  without  voluntary  control,  and  there  will  be  retention  of  urine  with 
the  incontinence  of  overflow. 

Relation  of  Spinous  Processes  to  Segments. — For  the  purpose  of 
treatment  when  surgical  interference  is  indicated,  it  is  necessary  to 
remember  that  though  the  cord  in  the  embryo  extended  down  to  the 
end  of  the  spinal  canal,  it  did  not  continue  to  grow  in  length  to  such 
an  extent  as  the  body  did,  so  that  in  the  adult  its  various  segments  no 
longer  lie  opposite  their  corresponding  vertebra\  The  following  table 
of  Sir  \'ictor  Ilorsley's  will  give  the  localization  of  the  segments  in 
relation  to  the  spinous  processes  of  the  vertebrae: 
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Except  in  very  stout  people  it  is  usually  easy  to  count  the  spinous 
processes,  but  it  is  sometimes  well  to  remember  that  the  third  dorsal 
spine  is  on  the  level  of  the  commencement  of  the  spine  of  the  scapula, 
and  the  seventh  is  on  a  level  with  the  lower  angle  of  the  scapula.  A 
line  drawn  transversely  across  from  the  highest  levels  of  the  crests  of 
the  iliac  bones  will  pass  through  either  the  fourth  lumbar  spine  or  the 
space  between  the  third  and  fourth  spines. 

Pathological  Diagnosis. — So  much  for  the  localization  of  the  lesion — 
the  anatomical  diagnosis.  Let  us  now  consider  the  pathological  diag- 
nosis— the  nature  of  the  disease.  For  this  we  are  dependent  to  a  large 
extent  on  the  history  of  the  onset  of  the  condition.  It  is  obvious  that 
a  tumor  will  not  give  pressure  symptoms  in  the  course  of  an  hour  or 
so  with  no  previous  history  of  symptoms  nor  will  a  hemorrhage  take 
weeks  to  become  complete.  Vascular  lesions  come  on  suddenly — 
inflammatory  ones  are  acute  or  rarely  subacute.  In  compression  of 
the  cord  from  tumor  growths,  cysts,  or  vertebral  caries,  the  history 
of  the  onset  is  usually  subacute  or  chronic.  In  the  degenerative  con- 
ditions— the  abiotrophies  and  systemic  degenerations — months  or  years 
elapse  before  the  symptoms  reach  their  full  development. 

The  etiology  and  history  are  usually  of  great  assistance  in  making 
the  diagnosis.  Hemorrhage  (hematomyelia)  usually  follows  injur}^  to 
the  spine,  though  in  some  rare  cases  it  may  take  place  into  a  syringo- 
myelic tumor  without  any  previous  history  of  injury,  but  it  is  sudden. 
Thrombosis  is,  as  a  rule,  not  quite  so  sudden  in  on.set  and  often  other 
evidences  of  syphilis  are  present  or  a  history  can  be  obtained.  Injury 
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of  course  may  cause  a  fracture  and  dislocation  of  the  vertebrai  with 
compression  of  the  cord  and  hemorrhages  into  its  substance  or  from 
the  meningeal  vessels.  A  previous  history  of  syphilitic  infection  is 
important,  as  some  diseases  of  the  cord,  such  as  tabes  dorsalis,  and 
some  forms  of  meningitis  and  softening,  are  dependent  on  this 
etiology.  The  presence  of  tuberculosis  elsewhere  in  the  body  is  often 
of  some  importance,  as  vertebral  caries  or  a  tuberculoma  of  the  cord 
often  are  secondary  to  a  focus  elsewhere.  Acute  myelitis  is  not  infre- 
quently associated  with  some  infection,  as  gonorrhea,  the  exanthems, 
influenza,  and  tuberculosis.  Subacute  combined  sclerosis  is  often 
associated  with  severe  secondary  anemia,  both  probably  being  caused 
by  the  same  toxin.  In  the  abiotrophies  a  family  history  of  a  similar 
condition,  often  through  several  generations,  is  frequently  obtainable, 
as  in  Friedreich's  ataxia,  family  spastic  paraplegia,  etc. 

The  age  of  the  patient  is  often  of  some  importance.  Disseminated 
sclerosis  usually  begins  before  forty;  Friedreich's  ataxia  usually  before 
twenty,  and  the  majority  of  cases  of  acute  poliomyelitis  are  three 
years  old  or  under,  though  it  often  occurs  under  the  age  of  fourteen 
and  sometimes  affects  adults.  Tabes,  save  in  rare  cases  of  inherited 
lues,  has  seldom  occurred  before  twenty. 

Before  leaving  the  consideration  of  the  spinal  cord  it  will  be  interest- 
ing to  study  the  innervation  of  the  various  viscera.  It  has  already 
been  mentioned  that  they  possess  a  certain  degree  of  sensibility,  similar 
to  what  Head  has  called  protopathic  sensibility  in  the  peripheral  nerves, 
i.  e.,  pain  can  be  recognized  and  extreme  degrees  of  heat  and  cold,  but 
there  is  no  definite  localization  of  the  stimulus  possible.  The  viscera 
receive  this  sensibility  through  cells  lying  in  the  intermedio-lateral 
tract  of  the  gray  matter  of  the  cord,  the  axis-cylinders  of  which  pass 
out  in  the  anterior  roots  and  pass  in  the  fine  communicating  branches 
to  the  sympathetic  ganglia,  where  they  terminate  by  arborizing  about 
the  sympathetic  ganglion  cells.  Some  fibers  from  these  return  to  the 
spinal  nerves  and  run  to  the  periphery,  others  go  to  the  various  viscera. 
The  nerves  to  the  heart,  for  instance,  are  derived  from  the  first  three 
dorsal  segments,  and  when  these  nerves  are  irritated,  the  irritation  is 
conducted  to  the  posterior  roots  of  the  dorsal  spinal  nerves  with  which 
they  are  connected,  and  gives  rise  to  referred  pain  in  the  region  of 
distribution  of  these  segments  over  the  inner  side  of  the  arm,  so  com- 
monly complained  of  in  angina  pectoris.  In  visceral  disease  pain  and 
tenderness  occur  in  the  skin  area  supplied  by  afferent  root  cells  of  the 
same  spinal  segment  in  which  the  visceral  afferent  root  cells  are  situated. 
The  antagonistic  action  of  these  sympathetic  nerves  to  the  vagus  has 
been  more  fully  discussed  under  the  latter  nerve. 

ACUTE  POUOMYELITIS  (ACUTE  ANTERIOR  POLIOMYELITIS, 
INFANTILE  SPINAL  PARALYSIS) 

Acute  poliomyelitis  is  an  infectious  disease  caused  by  a  specific 
organism,  characterized  by  an  atrophic  paralysis  of  skeletal  muscles 
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to  a  greater  or  lesser  extent,  and  this  paralysis  may  come  on  more  or 
less  abruptly.  It  reaehes  its  maximum  in  a  few  hours,  as  a  rule,  and 
then  tends  toward  recovery  in  some  parts  and  the  formation  of  per- 
manent contractures  and  disability  in  others. 

The  relation  of  the  disease  to  a  lesion  of  the  spinal  cord  was  first 
recognized  in  1840  by  Heine,  but  the  fact  that  apparently  only  sporadic 
cases  occurred,  and  a  fatal  issue  was  very  rare,  rendered  the  pathogenesis 
of  the  disease  a  mystery  until  within  the  last  few  years,  when  the  dis- 
ease began  to  appear  in  a  most  severe  epidemic  form.  Possibly  epidemics 
had  occurred  before  but  had  escaped  recognition.  Norway  and  Sweden 
from  the  years  1903  to  1906  were  smitten  with  a  series  of  epidemics 
which  have  been  most  thoroughly  observed  and  described  by  Wickman 
and  Harbetz  and  Scheel.  In  these  epidemics  over  a  thousand  cases 
were  observed  with  a  mortality  of  13.1  per  cent.  Within  the  last  five 
years  severe  epidemics  have  occurred  in  New  York,  in  1907,  consisting 
of  about  2500  cases,  and  again  in  1908,  when  about  1200  cases  were 
observed.  In  Victoria,  Australia,  in  the  autumn  months  of  1907,  Dr. 
Stevens  observed  135  recent  cases.  In  Massachusetts  during  the 
summer  and  fall  of  1908,  Lovett  and  Emerson  collected  234  cases,  and 
in  Salem,  Virginia,  Wiley  and  Dardem  reported  25  cases  in  an  epidemic 
which  occurred  the  same  summer.  Vienna  and  lower  Austria  suffered 
from  a  similar  epidemic  in  1908,  when  Zappert  found  data  from  266 
cases  available.  Epidemics  of  moderate  severity  are  reported  as  having 
occurred  in  1909  in  Marburg  and  also  in  Westphalia  and  in  France. 
The  following  article  is  based  on  personal  experience  gained  in  the 
observation  of  a  series  of  45  recent  cases  of  the  disease  in  an  epidemic 
that  affected  Montreal  and  its  environs  in  the  summer  and  fall  of  1909. 

Symptoms. — Males  are  quite  as  frequently  affected  as  females,  but 
age  is  an  important  factor — though  perhaps  not  as  important  as 
formerly  supposed.  In  the  series  referred  to,  60  per  cent,  of  the  cases 
affected  were  three  years  of  age  or  under;  at  the  same  time  10  per  cent, 
of  the  cases  were  in  adults.  Certainly  this  disease  should  no  longer 
be  called  infantile  paralysis.  Nationality  certainly  gives  no  immunity ; 
epidemics  have  been  reported  in  practically  every  known  country  in 
the  world.  Poverty  with  its  associated  overcrowding  and  more  or  less 
heat  and  dirt  seems  to  be  a  contributing  factor  in  the  spread  of  the 
disease,  possibly  through  the  numerous  flies  and  mosquitoes  attracted 
by  such  places.  In  any  case  the  majority  of  cases  seem  to  come 
from  such  surroundings,  and  the  fact  that  most  of  the  cases  appear 
in  August  and  September,  practically  no  cases  occurring  during  the 
winter  months,  would  point  to  the  same  conclusion. 

Bacteriology. — Great  advances  have  been  made  in  the  last  two  years 
in  the  study  of  the  etiology  of  the  disease.  First,  Landsteiner  and 
Popper,  and  later  Flexner  and  his  fellow-workers  in  the  Rockefeller 
Institute,  have  been  able  to  inoculate  monkeys  with  the  disease.  The 
latter  workers  in  a  most  brilliant  series  of  experiments  have  succeeded 
in  transmitting  the  disease  through  a  series  of  monkeys  from  one  to 
another;  they  have  shown  that  the  etiological  factor  is  not  a  soluble 
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toxin  but  an  ultramicroscopic, virus  similar  to  the  organism  of  rabies. 
They  have  been  able  to  cultivate  this  organism  and  have  caused  the 
disease  in  monkeys  by  inoculating  this  culture.  They  have  shown  that 
this  virus  will  penetrate  a  Berkefeld  filter,  and  have  demonstrated  that 
it  retains  its  virulence  after  having  been  frozen  for  a  considerable  time. 
They  have  yet  to  show  us  how  it  gains  an  entrance  into  the  system. 
In  the  attempt  to  learn  this  they  have  shown  that  cultures  made  from 
the  mucous  membranes  of  the  nasal  passages  in  monkeys  suffering  with 
the  disease  will  cause  the  disease  when  inoculated  into  other  monkeys ; 
but  cultures  from  other  tissues,  for  example,  lymph  nodes,  will  do  so 
too.  They  have  also  shown  that  if  the  mucous  membranes. of  the  nasal 
passages  be  scarified  and  smeared  with  infected  tissue,  the  monkey 
may  get  the  disease.  But  this  is  not  sufficient  proof  that  the  disease 
is  air-born,  and  one  is  immediately  struck  with  the  objection  that 
if  the  disease  be  air-born  why  does  it  die  out  in  the  winter  months,  as 
the  virus  has  been  shown  not  to  be  inffuenced  by  freezing  for  a  con- 
siderable time.  One  must  be  impressed  with  the  idea  that  the  disease 
must  be  carried  by  an  intermediate  host  that  is  active  in  the  summer 
and  autumn  months  and  inactive  during  the  winter  season,  and  prob- 
ably of  world-wide  distribution.  The  house  fly,  or  some  of  the  common 
species  of  flies,  would  answer  well  to  all  these  attributes.  When  we 
consider  also  that  all  the  other  diseases  that  are  known  to  be  caused 
by  a  filtrable  virus,  as  for  instance  dengue,  Mexican  typhus,  yellow 
fever  and  rabies,  are  all  carried  by  an  intermediate  host  and  gain 
admittance  into  the  system  of  the  individual  by  inoculation  from  a 
bite  of  one  of  these,  our  impression  should  be  greatly  strengthened 
that  in  acute  poliomyelitis  the  same  process  .takes  place.  Since  this 
article  went  to  press  it  has  been  shown  experimentally  by  Prof.  J.  N. 
Rosenau  that  the  stable  fly  Stomoxys  calcitrans  may  be  a  carrier  of  the 
disease. 

Pathology. — Macroscopic  Anatomy. — In  recent  cases  the  brain  when 
removed  from  the  cranial  cavity  is  edematous  and  looks  much  too 
large  to  fit  back  into  its  place,  and  there  may  be  some  congestion  of 
the  superficial  vessels.  The  cord  in  a  recent  case,  i.  e.,  one  that  has 
died  during  the  acute  onset,  if  palpated  even  before  opening  the  dura, 
will  be  felt  to  be  quite  hard  at  the  affected  parts,  usually  the  cervical 
or  lumbar  enlargements,  often  both.  There  may  be  some  congestion 
of  the  vessels  of  the  pia-arachnoid,  too,  at  these  levels.  I  have  observed 
also  a  transverse  wrinkled  appearance  of  these  membranes  as  if  a 
fine  thread  had  been  wound  tightly  and  irregularly  around  the  cord, 
evidently  due  to  the  extreme  edema  present.  On  section  through  the 
affected  part  there  will  be  more  or  less  eversion  of  the  edges  of  the  cord, 
and  there  will  be  evident  to  the  naked  eye  a  softening  of  its  tissues 
with  congestion  of  the  vessels,  so  that  the  gray  matter  is  no  longer 
distinctly  demarcated.  Such  lesions  may  affect  the  whole  length  of 
the  cord  or  may  be  more  or  less  localized  to  one  or  two  parts.  Similar 
lesions  may  affect  the  medulla,  pons,  or  the  various  parts  of  the  cerebral 
or  cerebellar  hemispheres.    The  spleen  is  usually  enlarged  and  its 
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lymphoid  tissue  is  strikingly  prominent.  The  kidneys  may  show 
simply  a  eloudy  swelling  or  as  in  one  of  my  cases  an  acute  hemorrhagic 
nephritis. 

Microscopic  Anatomy. — The  leptomeninges,  it  may  be  only  of  the 
cord  but  often  of  both  brain  and  cord,  show  a  marked  round-celled 
infiltration,  chiefly  in  the  neighborhood  of  the  anterior  spinal  artery 
and  penetrating  into  the  anterior  fissure  along  with  the  vessel,  but  it 
is  present  also  on  the  posterior  aspect  of  the  cord.  The  spinal  vessels 
are  markedly  congested  and  there  is  an  excessive  perivascular  lymph- 
ocytic exudation.  There  is  no  evidence  of  thrombosis  in  any  of  the 
vessels.  In  the  substance  of  the  cord  the  vessels  are  dilated  and  con- 
gested generally,  not  only  in  the  region  of  the  gray  matter  but  in  the 
lateral  and  posterior  columns  as  well.  They  are  in  every  case  surrounded 
by  numerous  round  cells,  mostly  lymphocytes;  and  there  are  also  a 
great  many  granular  cells  among  these.  A  few  ganglion  cells  still 
exist  with  a  fairly  normal  outline.  But  apart  from  these  there  may 
be  seen  cells  in  various  stages  of  destruction,  some  large  and  swollen, 
staining  poorly  with  the  nucleus  almost  extruded,  others  small  and 
shrunken,  staining  deeply  with  no  nucleus  visible,  others  again  scarcely 
visible  on  account  of  the  numerous  small  round  cells  that  encompass 
them,  evidently  the  final  stage  in  their  disappearance.  The  congestion 
of  the  vessels  and  perivascular  exudation  of  lymphocytes  is  more 
evident  in  the  anterior  horns  on  account  of  the  better  vascular  supply, 
but  the  individual  vessels  in  the  posterior  columns  show  an  exactly 
similar  condition.  Small  hemorrhagic  extravasations  are  not  infre- 
quent. The  ground  substance  of  the  gray  matter  has  a  rarified  appear- 
ance with  dilated  meshes  due  to  the  edema  present.    (Plate  XLI.) 

Such  lesions  may  be  found  either  localized  to  one  part  or,  as  is  the 
rule  in  early  fatal  cases,  more  or  less  general  in  the  cord  and  medulla 
and  not  infrequently  in  the  pons  and  brain. 

If  the  examination  be  made  some  few  days  after  the  subsidence  of 
the  acute  symptoms  very  much  the  same  appearance  will  be  present, 
but  the  lymphocytic  infiltration  will  not  be  so  evident,  especially  in 
the  white  matter  of  the  cord.  The  granular  cells  will  be  much  less 
numerous,  and  the  clumps  .of  phagocytes,  having  demolished  those 
ganglion  cells  that  were  too  severely  damaged,  will  have  disappeared 
and  the  evidences  of  inflammation  will  have  subsided. 

Onset. — In  the  majority  of  cases  the  disease  was  preceded  by  certain 
prodromal  symptoms  which  lasted  on  an  average  a  little  over  two  days 
before  the  onset  of  the  paralysis.  In  some  cases  it  is  true  the  paralysis 
developed  suddenly  while  the  child  was  playing  around  apparently 
in  its  usual  health,  and  in  these  cases  the  first  thing  noticed  was  that 
the  child  fell  down.  This  accident,  usually  of  quite  an  insignificant 
nature,  was  naturally  looked  upon  by  the  parents  as  the  etiological 
factor,  but  in  view  of  our  knowledge  of  the  disease,  and  the  insignifi- 
cance of  the  accident,  it  must  be  considered  as  pod  hoc  rather  than 
propter  hoc,  as  the  result  rather  than  the  cause  of  the  paraly  sis.  In 
other  cases  the  prodromata  were  present  for  six  or  twelve  hours  before 
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Acute  Poliomyelitis,  showing:  A,  Associated  Acute  Poliomyelitis,  showing  the 

Meningitis;  B,  Edge  of  Cord.  Vascular  Congestion  and  the  Sur- 

rounding Infiltration.  The  Ante- 
rior Spinal  Artery. 


Fig.  8 


Acute  PoliomyolitiH.      The  Various  Stages  of  Destruction  of  the  Anterior 

Horn  Cells. 
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the  onset  of  the  paralysis;  in, others,  again,  it  was  as  long  as  five  to 
seven  days  after  the  onset  of  the  prodromal  symptoms  before  the 
paralysis  of  the  limbs  appeared. 

As  a  general  rule  the  patient  complains  of  h  little  indefinite  general 
malaise,  has  some  headache,  is  restless,  and  may  vomit  once  or  twice. 
The  bowels  are  usually  constipated,  but  in  a  few  cases  there  has  been 
diarrhea.  Some  indefinite  gastro-intestinal  disturbance  so  common 
in  children  is  suggested,  especially  as  the  fever  is  only  slight  as  a  rule; 
but  if  the  child  be  old  enough  to  make  a  complaint,  or  if  in  younger 
ones  the  limbs  be  moved,  there  is  immediately  evidence  of  pain  and 
tenderness  in  one  or  other  or  perhaps  all  the  extremities,  which  should 
suggest  something  more  than  the  ordinary  gastro-intestinal  disturbance 
of  infancy.  Delirium  may  follow  upon  the  restlessness;  more  com- 
monly apathy  supervenes.  In  about  30  per  cent,  of  the  cases  there 
has  been  a  history  of  more  or  less  marked  clinical  signs  of  meningitis; 
in  only  3  cases  were  there  convulsions. 

According  to  Flexner  and  his  fellow-workers,  in  this  stage  a  blood 
count  will  show  some  leukocytosis  with  a  relative  increase  in  the  lymph- 
ocytes, and  examination  of  the  spinal  fluid  gives  a  positive  Noguchi 
butyric  acid  test  showing  the  presence  of  globulin.  Cytological 
examination  of  the  cerebrospinal  fluid  shows  an  increase  of  white 
cells,  both  polymorphs  and  lymphocytes,  which  is  of  great  diagnostic 
value  especially  in  the  abortive  cases  to  be  described  later. 

As  a  rule  the  paralysis  at  its  onset,  or  within  a  few  hours  of  its  onset, 
is  at  its  height,  but  in  some  cases  there  is  a  spread  of  the  disease  quite 
similar  to  what  one  sees  in  the  so-called  Landry's  paralysis,  spreading 
up  from  the  legs  to  the  trunk,  involving  the  upper  extremities  and  finally 
the  respiratory  centres  of  the  diaphragm.  In  others  again  there  seems 
to  be  an  extension  laterally  of  the  original  lesion  in  the  cord  or  mid- 
brain, which  may  superimpose  a  spastic  paralysis  of  the  legs  on  a  flaccid 
paralysis  of  the  arms  or  trunk  muscles,  by  involvement  of  the  pyramidal 
tracts.  Or,  if  the  original  lesion  be  in  the  midbrain  causing  cranial 
nerve  paralysis  on  one  side  of  the  face,  there  may  arise  in  addition  and 
from  the  same  cause  a  hemiplegia  of  the  opposite  side  of  the  body. 
In  one  of  our  cases  this  hemiplegia  appeared  only  eight  days  after  the 
onset  of  the  cranial  nerve  paralysis.  Such  a  delayed  extension  of  the 
disease  is,  however,  rare. 

Types. — As  Wickman  pointed  out,  there  may  be  several  types  of 
the  disease  depending  on  the  relative  severity  of  the  infection  and  on 
the  part  of  the  nervous  system  affected. 

1.  Spinal  Type. — There  is  first  the  spinal  type  of  the  disease,  by  far 
the  most  common,  in  which  the  lesion  is  confined  to  the  cord,  causing 
paralysis  of  variable  extent  and  distribution.  One  or  all  or  any  com- 
bination of  the  extremities  may  be  paralyzed,  or  in  the  more  fortunate 
cases  even  a  few  muscles  in  one  extremity  may  be  picked  out  in  an 
isolated  manner.  It  is  in  these  cases  that  not  infrequently  we  see  a 
progression  of  the  disease  simulating  Landry's  paralysis.  The  lesion 
first  affecting  the  lumbar  enlargement,  as  a  rule,  and  spreading  up  the 
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dorsal  region  causing  paralysis  of  the  muscles  of  the  back  and  the 
abdomen,  the  intercostals,  the  arms  and  shoulder  girdle,  the  neck, 
and  finally  the  diaphragm,  the  so-called  Landry's  type  of  the  disease' 
(Plate  XLII.) 

2.  Meningeal  Type— A  meningeal  type  has  been  recognized  in  which 
the  symptoms  of  cerebrospinal  meningitis  mask  the  prodromal  period 
of  the  disease,  this  later  develops  into  the  spinal  type. 

3.  Pontine  and  Medullary  Type— The  pontine  and  medullary  type 
of  the  disease  is  less  common;  it  may  be  pure  or  in  some  cases  is  com- 
bined with  the  spinal  type  or  the  cerebral  type.  In  these  cases  we 
have  any  combination  of  cranial  nerve  paralysis.  While  affection  of 
the  facial  nerve  is  the  most  common  result  of  this  type,  oculomotor 
paralysis  is  not  uncommon,  and  the  motor  branches  of  the  fifth  nerve 
are  occasionally  affected,  causing  an  inability  to  close  the  jaws,  as  in 
one  of  our  cases. 

4.  Cerebral  or  Encephalitic  Type. — The  cerebral  or  encephalitic  type 
is  in  my  experience  still  more  uncommon.  The  onset  may  be  more 
or  less  sudden,  as  in  the  other  tjqpes  of  the  disease  with  fever,  and 
the  development  of  stupor  or  coma,  and  frequently  convulsions.  The 
fontanelles  bulge;  the  neck  is  stiff  and  the  head  retracted;  strabismus 
may  develop;  in  some  cases  also  we  may  see  hemiplegia,  depending 
on  the  site  of  the  inflammation. 

5.  Cerebellar  Type. — A  cerebellar  type  has  also  been  described  in  which 
there  results  the  characteristic  weakness  of  the  homolateral  extremities 
with  loss  of  tone  and  ataxia. 

6.  Neuritic  Type. — In  some  cases  the  associated  pain  is  so  severe  and 
later  the  tenderness  so  excessive  and  the  atrophy  so  rapid  that  there 
appears  to  be  a  condition  of  neuritis  associated  with  the  lesion  in  the 
cord.  With  the  onset  of  the  paralysis  the  cytological  and  chemical 
examination  of  the  cerebrospinal  fluid  changes,  as  Flexner  has  shown, 
both  the  globulin  content  and  the  number  of  white  cells  diminishing 
rapidly  to  the  normal. 

7.  Abortive  Cases. — Wickman  described  abortive  cases  of  the  disease 
as  early  as  1905  in  the  epidemic  in  Norway  and  Sweden,  which  he  has 
worked  up  so  thoroughly ;  but  there  has  until  recently  been  some  doubt 
as  to  the  authenticity  of  these  cases  which  have  the  prodromal  symp- 
toms similar  to  the  other  cases  but  develop  no  paralysis.  But  in  the 
past  year  Flexner  has  shown  as  a  result  of  his  experimental  work  that 
a  diagnosis  can  be  arrived  at  by  a  chemical  and  cytological  examina- 
tion of  the  spinal  fluid  during  the  acute  stage.  And  he  has  shown  more 
positively  still  in  later  stages  that  the  cerebrospinal  fluid  of  cases  of 
poliomyelitis,  whether  active  or  abortive,  has  a  neutralizing  action  on 
the  virus,  so  that  when  the  infective  virus  is  mixed  with  the  cerebrospinal 
fluid  from  a  recovered  case,  and  allowed  to  stand  for  a  little,  it  loses 
its  infectivity  and  no  longer  causes  the  characteristic  symptoms  and 
paralysis  when  inoculated  into  a  monkey.  Drs.  Anderson  and  Frost, 
of  the  Public  Health  and  Marine  Hospital  Service  and  others,  have 
put  this  into  practice  with  very  satisfactory  results.   Six  out  of  9  of 


PLATE  XLII 
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Acute    Poliomyelitis,  showing  Acute    Poliomyelitis.     The  Suljse- 

Paralysis     of     the     Abdominal  quent  Atrophy  of  the  Affected  Muscle 

Muscles  in  a  Child. 


Fig.  3 


Acute  Poliomyelitis.     Contrnolure  of  the  Anterior  Til)ial  Group 
Following  Paralysis  of  the  Calf  Muscles. 
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their  cases  who  had  recently  recovered  from  suspected  poHomyelitis 
without  paralysis  (abortive  cases)  showed  the  same  germicidal  action 
as  the  serum  from  a  frank  case  of  poliomyelitis. 

Following  this  acute  stage  the  fever  subsides  and  the  child  seems 
better,  but  there  is  more  or  less  widespread  flaccid  paralysis  and  great 
tenderness  if  the  affected  parts  be  manipulated.  This,  as  a  rule,  passes 
away  fairly  rapidly  save  in  the  neuritic  type.  The  paralysis,  too, 
tends  to  improve  somewhat  more  slowly,  and  in  the  great  majority 
of  cases  only  partially,  so  that  in  two  or  three  weeks  while  there  has 
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Chart  showing  the  motor  points  for  stimulating  the  muscles  by  the  galvanic  current:  1,  con- 
traction of  the  muscles  of  the  forehead  and  the  eyelids;  2,  contraction  of  the  muscles  of  the  nose 
and  upper  lip;  3,  contraction  of  the  muscles  of  the  whole  half  of  the  face;  4,  closure  of  the  jaws; 
5,  turning  of  the  head  to  the  opposite  side;  6,  turns  face  to  the  opposite  side,  the  ear  approaches 
the  shoulder  of  the  same  side;  7,  flexes  head  to  the  side,  raises  the  shoulder,  protrudes  the  lower 
jaw;  8,  raises  the  shoulder  and  draws  the  scapula  toward  the  spine;  9,  contraction  of  the  deltoid; 
10,  serratus  action,  scapula  pushed  forward  and  out;  11,  contraction  of  almost  all  of  the  arm 
muscles.    Erb's  point:  Get  action  on  the  biceps,  deltoid,  brachialis  ant.,  and  supinator  long. 

been  great  improvement  in  the  extent  of  the  paralysis  as  compared 
with  that  present  after  the  acute  stage  a  disabling  amount  still 
remains.  When  the  respiratory  muscles  are  paralyzed  an  intercurrent 
pneumonia  very  often  causes  a  fatal  issue  at  this  stage.  While  the 
power  in  some  muscles  continues  to  improve,  in  others  wasting  appears. 
(Plate  XLII.)  The  tendon-jerks  are  absent  in  the  affected  parts. 
There  is  usually  no  demonstrable  impairment  of  sensibility  to  tactile 
or  painful  stimulation.  The  changes  in  the  electrical  reactions  of  the 
paralyzed  muscles  are  characteristic.   If  they  still  react  to  the  farad ic 
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current  two  weeks  after  the  onset  of  paralysis  they  will  regain  their 
power,  but  frequently  they  have  lost  the  reaction  to  the  faradic  and 
show  characteristic  changes  in  their  reaction  to  the  galvanic  current, 
the  reaction  of  degeneration. 

Contractures  are  now  apt  to  appear  unless  proper  and  efficient 
treatment  be  instituted.  The  unparalyzed  or  partially  paralyzed 
muscles,  when  their  opponents  are  more  completely  paralyzed  so  that 
their  opposition  is  lost,  tend  to  shorten  and  may  give  rise  to  fearful 
deformities.   (Plate  XLII,  Fig.  3.) 
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Motor  points  for  the  muscles  of  the  dorsal  surface  of  the  arm  and  hand. 


A  second  attack  of  the  disease  is  unknown  and  Flexner  has  shown 
that  patients  who  recover  from  an  attack  have  developed  an  active 
immunity. 

Diagnosis. — The  great  difficulties  in  diagnosis  are  in  those  abortive 
cases  referred  to,  which  undoubtedly  must  be  the  chief  sources  of  the 
spread  of  infection,  because,  as  a  rule,  unrecognized.  A  differential 
blood  count  showing  a  relative  increase  in  the  lymphocytes  should  be 
very  suggestive,  especially  in  the  presence  of  an  epidemic  of  the  active 
disease,  and  of  course  the  examination  of  the  cerebrospinal  fhiid  would 
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be  more  convincing.  After  the  termination  of  the  iUness,  the  neutral- 
izing action  of  the  blood  serum  on  the  filtrate  of  the  active  virus,  so 
that  it  would  no  longer  cause  the  disease  in  monkeys,  would  of  course 
be  conclusive  evidence.  •    •  u 

Rickets  in  infants  may  give  some  trouble  in  differentiation,  but  the 
appearance  of  the  child,  the  reflexes,  and  especially  the  electrical 
reaction  of  the  muscles  should  solve  the  problem.  The  same  holds 
good  for  rheumatic  affections  and  osteomyelitis.  Peripheral  neuritis 
has  a  more  gradual  onset  and  is,  as  a  rule,  symmetrical. 
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Motor  points  for  the  muscles  of  the  palmar  surface  of  the  arm  and  hand. 


Treatment  should  be  divided  into  three  parts,  first,  prophylactic; 
and  in  view  of  the  arguments  advanced  under  the  section  on  bacteriol- 
ogy it  would  be  advisable  until  we  know  more  about  the  method  of 
entrance  of  the  virus  into  the  system  to  take  means  to  prevent  the 
exposure  of  infants  and  children  to  the  bites  of  flies  and  mosquitoes. 
This  can  be  accomplished  by  the  proper  regulation  of  garbage  dis- 
posal and  the  removal  of  filth ;  also  by  the  proper  ])rotection  of  houses 
in  an  afflicted  district  with  fly  screens.  The  use  of  mosquito  netting 
over  the  beds  at  night  should  also  be  advocated.  At  the  same  time 
disinfection  of  the  nasal  passages  with  a  1  per  cent,  solution  of  hydrogen 
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peroxide  would  not  do  any  harm  and  would  be  on  the  safe  side.  Flex- 
ner  has  also  shown  that  urotropin  (which,  as  Gushing  showed,  is  broken 
up  and  excreted  into  the  spinal  fluid  as  formalin^  when  given  by  mouth 
some  time  before  the  monkey  was  inoculaced  with  the  active  virus, 
seemed  to  lengthen  the  incubation  time  of  the  disease  very  considerably 
and  in  some  cases  to  prevent  the  onset  of  paralysis  entirely.  Whether 
or  not  we  will  ever  have  an  immunizing  serum  against  the  disease  is 
still  in  the  laps  of  the  gods. 
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Treatment  during  Stage  of  Onset. — During  the  stage  of  onset  we  are 
practically  powerless.  Urotropin  should  be  pushed  in  the  hope  that 
by  its  disinfecting  action  on  the  cerebrospinal  fluid  it  may  limit  in 
some  degree  the  activity  of  the  virus.  Lumbar  puncture,  theoretically, 
might  be  of  some  use,  especially  after  the  onset  of  the  lesion  in  the 
cord  and  the  appearance  of  paralysis,  in  reducing,  possibly,  the  edema 
of  the  cord  which  in  itself  must  lead  to  a  certain  amount  of  destruction. 
It  is  very  questionable  whether  the  lateral  position  or  the  prone  posi- 
tion of  the  patient  makes  one  particle  of  difference  to  the  condition 
going  on  in  the  cord,  and  the  same  may  be  said  for  ice-bags  along  the 
spine  and  counterirritation,  which  only  serve  to  add  pain  and  discom- 
fort to  misery.  The  bowels  should  be  opened  with  a  brisk  mercurial 
purge,  and  the  diet  should  be  light  and  easily  digested.    Yevy  often 


ACUTE  POLIOMYELITIS 


575 


when  the  signs  of  meningeal  irritation  are  marked,  lumbar  puncture 
will  give  relief  to  the  headache',  and  hot  baths  will  relieve  the  pain 
and  rigidity  of  the  muscles,  giving  a  chance  for  a  restful  sleep.  In 
other  cases  pain  may  be  relieved  by  the  exhibition  of  salicylates  or 
phenacetin  or  in  some  cases  an  opiate  may  be  necessary. 
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Treatment  of  Paralysis. — After  the  acute  stage  is  over  and  the  pain 
and  tenderness  of  the  paralyzed  parts  have  subsided  to  a  great  extent, 
it  is  necessary  to  begin  more  active  treatment.  As  the  edema  of  the 
cord  subsides,  some  ganglion  cells  are  found  to  be  only  temporarily 
damaged,  and  while  we  probably  cannot  hurry  their  recovery  to  any 
extent,  we  can  keep  the  muscles  in  good  form  awaiting  that  recovery 
by  means  of  electrical  stimulation  and  massage.  But  with  regard  to 
electrical  treatment  those  muscles  which  still  react  to  faradism  two 
weeks  after  the  onset  of  paralysis,  should  recover  their  function  if 
properly  cared  for,  while  those  that  have  lost  their  reaction  to  farad- 
ism may  or  may  not  recover,  and  one  must  form  one's  opinion  of  their 
chances  by  judging  of  their  reaction  to  the  galvanic  current.  In  any 
case  in  treatment  it  is  always  better  when  possible  to  use  the  latter 
current,  as  it  stimulates  the  muscle  fibers  directly  to  contraction,  as 
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well  as  stimulating  through  the  nerve  elements  in  them,  whereas  the 
faradic  current,  stimulating  only  through  the  nerve  endings,  many 
fibers  of  a  partially  paralyzed  muscle  would  escape  stimulation.  The 
accompanying  charts  of  the  motor  points  of  the  muscles  (Figs.  46  to 
51)  will  be  found  useful  in  carrying  out  the  treatment  with  the  galvanic 
current,  and  in  stimulating  to  contraction  individual  muscles.  Massage 
and  passive  movements  are  necessary  both  to  keep  up  the  nutrition 
of  the  muscles  and  also,  and  just  as  important,  to  prevent  contractures 
in  their  opponents.  Active  movements  when  possible  must  be  encour- 
aged by  every  means,  and  it  is  often  possible  by  having  a  patient  in 
a  bath  to  obtain  voluntary  movements  of  a  limb  under  water  long 
before  it  is  otherwise  possible,  and  a  little  such  encouragement  will 
help  very  considerably. 

Fia.  51 


Motor  points  for  the  muscles  of  (he  anterior  suiface  of  the  leg. 


One  must  also  strive  to  prevent  stretching  of  a  paralyzed  muscle 
either  by  contracture  of  its  opponents  or  by  allowing  it  to  remam  m 
a  faulty  position,  and  one  can  often  fulfil  this  purpose  by  arrangnig 
an  elastic  strap  to  take  the  place  of  the  paralyzed  muscle.  _  Thus  m 
paralysis  of  the  anterior  tibial  group  with  foot-drop,  an  elastic  (suuple 
garter  elastic)  run  up  from  the  boot  laces  to  an  elastic  band  about  the 
knee  will  prevent  overstretching  of  the  paralyzed  muscles  and  still 
will  not  be  so  strong  as  to  do  away  with  their  action  entirely  when 
they  begin  to  regain  power. 
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The  tendency  toward  iniprovement  of  the  paralysis  will  continue 
under  treatment  for  about  a  year  or  eighteen  months.  After  this  time 
the  condition  should  come  under  the  orthopedic  department  and  the 
question  of  tendon  grafting,  fixation  of  joints  or  braces,  must  then 
be  considered. 

LANDRY'S  PARALYSIS  (ACUTE  ASCENDING  PARALYSIS) 

This  disease  was  first  observed  and  described  by  Landry  in  1859. 
He  describes  it  as  characterized  by  an  acute  ascending  paralysis  com- 
mencing in  the  legs,  spreading  to  the  trunk,  and  involving  the  centres 
for  the  diaphragm,  with  as  far  as  he  could  make  out  with  his  more 
or  less  imperfect  means  of  investigation  no  underlying  pathological 
lesions  of  the  spinal  cord  or  peripheral  nerves.  Since  his  time  numerous 
cases  have  been  added  to  the  literature  which  clinically  conformed  to 
his  description,  but  as  a  matter  of  fact  the  majority  of  these  should 
never  have  been  included  under  this  name,  as  pathological  examina- 
tion showed  either  a  definite  multiple  neuritis  or  lesions  in  the  cord  of 
the  nature  of  an  ascending  myelitis  or  poliomyelitis,  or  a  combination 
of  both  the  peripheral  and  the  central  lesion.  It  is  probable  that  had 
such  lesions  been  present  in  the  cases  described  by  Landry  he  could 
have  seen  them  even  with  the  comparatively  imperfect  means  at  his 
disposal  at  that  time,  and  their  inclusion  under  this  heading  has  only 
caused  hopeless  confusion.  That  Landry's  paralysis  does  exist  as  a 
clinical  and  pathological  entity  must  be  admitted  when  one  considers 
the  cases  published  by  Bernard  and  Westphal,  Watson,  Omerod, 
Alber,  Morton  Prince,  Steven  and  Farquhar  Buzzard.  In  the  major- 
ity of  these  cases  no  abnormality  was  discovered  by  pathological 
examination,  but  in  the  more  recently  examined  cases  fine  changes 
have  been  observed  when  studied  by  the  methods  of  Nissl  and  Marchi. 

Etiology. — The  disease  usually  affects  adult  males  and  it  frequently 
follows  acute  infections  of  various  kinds.  Apparently  the  disturbances 
of  function  of  the  nervous  system  are  due  to  a  condition  of  acute  intoxi- 
cation. In  many  cases  no  etiological  factor  can  be  found.  On  the 
other  hand,  Buzzard  has  isolated  a  form  of  tetracoccus  from  the  blood 
and  the  loose  vascular  tissue  forming  the  external  layers  of  the  spinal 
theca,  which  when  inoculated  into  the  subdural  space  in  a  rabbit  pro- 
duced widespread  paralysis  without  any  inflammatory  lesion  of  the 
cord.  The  germ  was  recovered  from  the  blood  and  the  theca  of  the 
rabbit.  MacNamara  and  Bernstein  isolated  a  similar  organism  from 
their  non-fatal  case,  but  were  unable  to  produce  any  positive  results 
by  experimental  inoculations.  The  disease  sometimes  follows  exposure 
to  wet  anrl  cold. 

Symptoms. — Prodromata  are  usually  present  in  the  shape  of  pares- 
thesiae  in  the  limbs,  pain  in  the  back,  and  stifl'ness  of  the  neck. 
There  is,  as  a  rule,  some  general  malaise,  but  fever  may  be  absent  or 
of  a  slight  degree  only.  Paralysis  of  the  legs  soon  follows,  flaccid  in 
character,  and  with  loss  of  tendon-jerks.  Very  often,  as  Buzzard  has 
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pointed  out,  the  toes  nicay  still  be  moved  even  when  the  rest  of  the 
leg  is  completely  paralyzed,  unlike  what  one  sees  in  paralysis  due  to 
multiple  neuritis.  The  plantar  responses  remain  of  the  flexor  type 
as  long  as  they  can  be  obtained.  Sensation  is  not  affected;  there  may, 
however,  be  some  tenderness  of  the  muscles  elicited  on  deep  pressure, 
and  frequently  the  patient  complains  of  cramp-like  pains  in  the  muscles 
of  the  paralyzed  limbs,  which  can  be  relieved,  as  a  rule,  by  change  of 
position.  In  the  course  of  a  few  hours,  as  in  Morton  Prince's  case,  or 
more  generally  in  the  course  of  a  few  days,  the  trunk  muscles  become 
involved,  the  paralysis  spreading  up  the  trunk,  segment  by  segment, 
until  the  intercostals  are  all  paralyzed  and  respiration  is  dependent 
on  the  diaphragm  and  the  accessory  muscles  of  respiration  alone. 
The  hand  muscles  may  be  next  involved  and  gradually  the  whole  arm. 
The  disease  may  stop  here  or  may  progress  until  the  centres  for  the 
diaphragm  are  also  picked  out  and  the  patient  dies  from  respiratory 
failure.  The  pulse  may  continue  of  fair  strength  for  some  time  after 
respiration  has  ceased.  The  intellect  remains  clear  as  long  as  respira- 
tion keeps  up,  and  I  have  seen  one  patient  dying  of  respiratory  failure 
recover  consciousness,  recognize  his  friends,  and  speak  quite  rationally 
when  artificial  respiration  was  started,  and  remain  so  for  some  time, 
so  long  as  artificial  breathing  was  kept  up. 

Owing  to  the  respiratory  weakness  from  paralysis  of  the  intercostals 
pulmonary  complications  are  apt  to  lead  up  to  a  fatal  issue,  but  if  these 
are  escaped  from  and  the  diaphragm  does  not  become  paralyzed,  the 
patient  will  begin  to  improve.  Recovery  is  slow,  but,  as  a  rule,  eventually 
becomes  complete.  The  muscles  waste  somewhat  and  the  electrical 
reactions  may  be  impaired,  but  generally  faradic  excitability  is  never 
completely  lost,  though  it  may  be  much  diminished.  The  muscular 
wasting,  according  to  Buzzard,  is  always  general  and  never  picks  out 
individual  muscles  in  a  limb.  Contractures  and  deformities  rarely 
occur;  recurrences  are  unknowai. 

Pathology. — No  evidence  of  disease  is  detectable  in  the  nervous 
system  by  the  naked  eye  except  a  general  vascular  engorgement.  The 
cord  is  firm  in  consistence  throughout.  Buzzard  has  reported  certain 
changes  distinguishable  in  the  cells  of  the  anterior  horn  and  Clarke's 
column  by  Nissl's  method  and  in  the  fibers  by  Marchi's  stain.  Many 
cells  show  early  pericentral  chromatolysis  and  a  few  complete  or  nearly 
complete  loss  of  chromatin  granules  and  excentration  of  the  nuclei. 
By  the  Marchi  method  the  myelin  sheaths  of  the  fibers  in  the  cord 
and  to  a  lesser  degree  in  the  peripheral  nerves  show  a  diffuse  fatty 
change.  This  is  apparently  not  nearly  so  marked  as  one  sees  it  in  true 
Wallerian  degeneration,  and  the  droplets  of  fat  are  smaller  and  more 
discontinuous;  such  a  condition  is  not  necessarily  associated  with  any 
loss  of  function  on  the  part  of  the  axis-cylinders.  There  is  no  definite 
evidence  of  neuroglial  or  vessel  changes.  Enlargement  of  the  spleen, 
such  as  is  seen  in  other  acute  toxic  diseases,  is  very  frequent. 

Diagnosis. — The  difi'erential  diagnosis  may  be  one  of  some  difficulty. 
From  acute  ascending  myelitis  the  diagnosis  is  as  a  rule  easy  on  account 
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of  the  sensory  paralysis  and  the  involvement  of  the  bladder  and  bowels. 
To  distinguish  between  this  disease  and  acute  poliomyelitis  is  more 
difficult  and  may  be  impossible  clinically.  Buzzard  claims  that  in 
severe  cases  of  poliomyelitis  the  constitutional  symptoms  are  more 
marked,  but  this  is  only  a  matter  of  degree;  the  same  thing  holds  good 
for  the  paresthesia,  pains,  and  tenderness  which  are  perhaps  somewhat 
more  marked  in  poliomyelitis  than  in  Landry's  paralysis.  He  lays 
stress  on  the  fact  that  the  escape  of  any  individual  muscle  or  group 
of  muscles,  or  any  marked  asymmetry  in  the  paralysis  of  the  two  limbs 
would  point  rather  strongly  to  poliomyelitis.  In  multiple  neuritis  the 
paresthesise  are,  as  a  rule,  more  marked  and  the  deep  muscle  tenderness 
very  much  more  evident.  The  periphery  of  the  limb  is  more  affected 
than  the  trunk  muscles,  and  atrophy  and  electrical  changes  in  the 
muscles  appear  very  early.  Relapses  are  not  infrequent  in  multiple 
neuritis  while  they  never  occur  in  Landry's  paralysis. 

Prognosis. — It  is  impossible  to  form  an  idea  of  the  percentage  of 
mortality  in  this  disease,  and  one  should  give  an  opinion  with  caution 
until  the  progression  of  the  paralysis  has  definitely  ceased.  The  main 
fear  is  pulmonary  complications,  either  pneumonia  or  bronchitis. 
Apart  from  these  the  outlook  for  complete  recovery  is  good.  Strength 
returns  gradually  and  steadily,  and,  as  a  rule,  no  sign  of  the  motor 
paralysis  will  remain. 

Treatment. — In  the  early  acute  stages  some  sort  of  vapor  bath  might 
help  in  the  elimination  of  toxins.  This  can  easily  be  arranged  so  as 
not  to  disturb  the  patient  by  guiding  steam  under  the  blankets  of  the 
bed  raised  a  little  from  the  patient  by  a  series  of  hoops.  Rest  in 
the  recumbent  position  with  the  head  slightly  raised  is  essential,  and 
the  patient  should  not  be  allowed  to  move  himself  but  should  be  moved 
from  one  position  to  another  at  regular  intervals,  and  the  limbs  made 
comfortable  by  a  change  of  position  as  comfort  demands.  It  is  doubt- 
ful what  good  effects,  if  any,  are  to  be  obtained  by  counterirritation 
along  the  spine,  and  the  consequent  discomfort  of  such  treatment  is 
sufficient  to  render  it  inadvisable.  No  drug  is  known  which  has  any 
effect  on  the  disease  process,  ergotin  and  salicylates  have  been  recom- 
mended but  their  utility  is  very  doubtful.  Modern  research  may  some 
day  produce  some  antidote  for  the  toxemia,  the  underlying  cause  of 
the  disease.  When  there  is  danger  of  respiratory  failure  atropine 
may  be  of  some  use  in  stimulating  the  centres  to  tide  them  over  the 
acute  stage;  it  should  be  used  hypodermically  and  may  be  combined 
with  strychnine.  The  bowels  should  be  opened  with  a  mercurial  purge 
and  kept  free  to  avoid  any  overstraining.  With  ordinary  care  there 
is  little  danger  of  bed-sores  forming.  The  bladder  may  require  to  be 
catheterizod  for  the  first  few  days.  After  the  acute  stage  massage  and 
passive  movements  of  the  limbs  should  be  practised  daily,  combined 
with  stimulation  of  the  muscles,  preferably  by  the  galvanic  current. 
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INFLAMMATION  OF  THE  CORD  (MYELITIS) 

Until  recent  years  there  has  been  a  certain  amount  of  confusion 
surrounding  the  question  of  myehtis.  Literally  the  term  signifies 
inflammation  of  the  cord,  but  practically  it  has  been  used  to  cover 
any  condition  of  softening  and  destruction  of  cord  tissue  whether  due 
to  true  inflammation  or  to  occlusion  of  a  spinal  vessel,  and  even  when 
softening  of  the  cord  has  been  caused  by  pressure,  whether  by  a  tumor 
or  by  vertebral  caries.  As  in  inflammatory  lesions  elsewhere,  myelitis 
may  be  of  an  acute  or  subacute  nature.  It  is  very  doubtful  whether 
such  a  condition  as  a  chronic  myelitis  exists  apart  from  a  form  of 
softening  of  syphilitic  origin,  which  is  discussed  elsewhere. 

Other  varieties  are  based  on  the  distribution  of  the  disease.  Thus 
when  the  gray  matter  is  affected  the  condition  is  termed  poliomyelitis — 
a  sufficiently  distinctive  disease  to  claim  a  chapter  for  itself.  According 
as  the  disease  involves  the  whole  thickness  of  the  cord  at  one  level, 
or  is  scattered  indiscriminately,  it  is  termed  transverse  or  disseminated 
myelitis.  When  an  extensive  area  of  the  cord  is  involved  it  is  termed 
diffuse,  and  when  due  to  pressure  from  spinal  caries  or  extramedullary 
tumor  the  term  compression  myelitis  is  given. 

Etiology. — Myelitis,  apart  from  that  form  of  softening  of  the  cord 
dependent  on  a  syphilitic  vascular  process,  is  not  very  common;  it  may, 
however,  affect  individuals  of  any  age,  although  it  is  more  commonly 
met  with  in  patients  in  middle  adult  life.  In  children  the  poliomyelitic 
form  is  more  commonly  seen.  It  may  be  found  associated  with  prac- 
tically any  of  the  infections  and  intoxications,  more  particularly  tuber- 
culosis and  gonorrhea.  It  occasionally  follows  furunculosis,  especially 
when  the  furuncles  are  situated  close  to  the  spine.  It  occurs  more 
rarely  in  measles,  variola,  scarlet  fever,  influenza,  erysipelas,  pneu- 
monia, typhus  fever,  and  following  parturition.  Overexertion,  trauma, 
and  exposure  to  cold,  all  seem  to  have  a  certain  etiological  significance, 
but  probably  they  are  only  indirectly  responsible  and  the  direct 
responsibility  rests  on  bacterial  invasion. 

In  severe  secondary  anemias  where  there  has  been  clinical  evidence 
of  an  associated  subacute  combined  sclerosis,  we  not  infrequently  see 
a  sudden  complete  paraplegia  due  to  a  superadded  diffuse  myelitis. 
Injuries  to  the  cord,  whether  from  lacerations,  punctured  wounds,  or 
hemorrhage  into  its  substance,  may  set  up  a  definite  my  elitis  and  the 
disease  not  infrequently  follows  falls,  not  necessarily  attended  with 
injury  to  the  back,  but  when  a  violent  effort  is  made  to  save  one's  self. 
Possibly  in  these  cases  some  minute  injury  occurs  at  the  time  which 
forms  a  focus  of  lessened  resistance  to  the  action  of  bacteria.  I  have 
seen  myelitis  occur  in  a  man,  a  painter,  who  had  suffered  from  lead 
poisoning  of  a  mild  type  some  years  previously,  five  or  six  hours  after 
a  fall  of  a  few  feet  in  which  he  had  landed  on  his  hands  and  knees. 

Pathological  Anatomy.— The  meninges  of  the  cord  are  usually  con- 
gested over  the  site  of  the  lesion.    The  cord  itself  may  show  no  macro- 
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scopic  change  externally,  but  in  some  cases,  especially  if  obtained 
within  a  few  days  of  the  incidence  of  the  disease,  the  cord  over  the 
site  of  the  lesion  is  slightly  enlarged,  and  has  a  wrinkled  appearance 
as  if  the  cord  were  trying  to  bulge  through  the  interstices  of  its 
pia-arachnoid  envelope.  On  palpation  through  this  membrane  it  feels 
hard  like  a  pencil,  and  on  section  the  cut  surface  swells  up  above 
the  level  of  section  owing  to  the  congestion  and  edema  of  the  cord 
tissue.  It  may  no  longer  be  possible  to  differentiate  the  gray  from 
the  white  matter  and  the  cord  substance  is  of  the  consistency  of  cream 
cheese.    When  autopsy  is  obtained,  a  week  or  two  after  the  incidence 
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Myelitis. 


of  the  lesion,  the  cord  looks  smaller  at  the  site  of  the  lesion  and  on 
palpation  is  softer  than  normal.  On  section  the  cord  substance  is 
broken  down  and  diffluent  in  parts,  depending  on  the  extent  of  the 
destruction.  In  older  cases  when  sufficient  time  has  elapsed  for 
sclerosis  to  occur  the  cord  is  small,  firm,  and  white  at  the  site  of  the 
lesion. 

Microscopically  in  very  recent  cases  there  is  marked  congestion  of 
the  vessels,  with  diffuse  leukocytic  infiltration,  most  marked  about 
the  vessel  s,  numerous  small  hemorrhagic  extravasations  are  frequent, 
and  there  is  indiscriminate  destruction  of  the  parenchymatous  tissues 
affecting  both  the  cells  in  the  gray  matter  and  the  fibers  in  the  white. 

The  myelin  sheaths  and  axis-cylinders  are  broken  up  into  granular 
particles  which  are  later  absorbed.  Many  of  the  anterior  horn  cells 
may  be  found  to  have  already  disappeared  and  others  will  show 
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destructive  changes  of  different  grades  varying  from  mere  chromatolytic 
changes  to  a  condition  of  granuhition  with  the  nncleus  swollen  and 
indistinct;  later  the  nucleus  disappears,  and  the  cell  processes  break 
up,  and  a  mere  shadow  of  the  cell  is  left  which  in  its  turn  is  soon 
absorbed.  Compound  granular  cells  are  numerous,  containing  fatty 
granules,  the  products  of  the  destruction.  Toward  the  edge  of  the 
lesion  the  evidences  of  destruction  gradually  diminish,  and  the  changes 
in  the  nerve  cells  and  fibers  are  less  marked.  The  axis-cylinders  appear 
somewhat  swollen  and  the  myelin  sheaths  thinned  and  distended.  Near 
the  site  of  the  active  focus  of  destruction  many  lacunae  will  be  seen 
where  the  nerve  fibers  have  become  absorbed,  but  the  neuroglial  tissue 
ground-work  has  not  been  completely  demoralized.  The  neuroglia 
in  time  proliferates,  and  in  old-standing  cases  a  regular  scar  is  formed 
with  increase  in  the  neuroglia,  and  numerous  "spider  cells"  may  be 
seen. 

Above  the  lesion  one  gets  a  secondary  degeneration  in  such  ascending 
tracts  as  may  have  been  involved  in  the  destruction,  and  similarly, 
below  this  level,  the  descending  tracts  show  degenerative  changes. 

Myelitis  may  be  directly  associated  with  an  inflammation  of  the 
meninges,  a  meningomyelitis ;  frequently  this  is  of  syphilitic  origin, 
but  may  also  occur  in  connection  with  inflammatory  conditions  of 
adjacent  parts,  and  is  occasionally  seen  in  the  various  cerebrospinal 
meningitides. 

Transverse  myelitis,  when  the  complete  cross-section  of  the  cord 
is  involved  at  a  certain  level,  most  commonly  occurs  in  the  dorsal 
region,  probably  because  of  peculiarities  and  relative  insufficiency  of 
the  vascular  supply  in  this  part.  In  this  form  there  is  usually  the  one 
area  of  the  cord  affected.  In  the  disseminated  form,  small  areas  of 
inflammation  are  scattered  more  or  less  indiscriminately  throughout 
the  nervous  system,  and  not  infrequently  the  optic  nerves  are  affected, 
giving  rise  to  a  retrobulbar  neuritis  which  later  progresses  to  partial 
atrophy  of  the  optic  nerve. 

Marinesco  has  shown  that  bacteria  disappear  from  the  cord  in  a 
few  days  and,  as  a  general  rule,  cultures  from  myelitic  foci  are  negative, 
although  staphylococci,  streptococci,  and  pneumococci  have  all  been 
frequently  found  associated  with  the  lesion.  Experiments  have  shown, 
however,  that  not  only  bacterial  inoculation  but  inoculation  of  toxins 
from  bacterial  growth  might  produce  the  lesion,  and  clinically  many 
cases  seem  to  be  of  this  nature.  Sir  William  Gowers  suggests  the 
probability  that  many  cases  of  myelitis  are  due  to  a  thrombosis  of  the 
finer  spinal  bloodvessels,  pointing  out  that  the  initial  lesion  may  quite 
disappear  in  the  intense  inflammation  which  it  excites.  This  is  no 
doubt  a  very  common  process  in  syphilitic  cases,  but  is  probably  very 
rare  apart  from  this  disease  save  in  those  cases  where  the  meninges 
are  primarily  involved  and  the  cord  lesion  is  only  secondary. 

Symptoms.— The  typical  form  of  myelitis  is  the  transA'crse  variety 
and  the  most  common  site  of  affection,  as  has  already  been  stated, 
is  the  dorsal  cord.   The  symptoms  are  those  of  a  transverse  lesion  of 
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the  cord  of  acute  onset.  Prodromal  symptoms,  such  a  general  malaise, 
shivering,  loss  of  appetite,  may  be  present  for  some  hours  or  days,  or 
may  be  altogether  absent.  Pain  in  the  back  is  sometimes  complained 
of,  but  regular  girdle  root  pain  is  seldom  present.  Numbness  with 
heaviness  and  motor  weakness  of  the  legs  appears  and  rapidly  pro- 
gresses to  a  more  or  less  complete  paraplegia  with  spasticity  more  or 
less  marked.  The  paralysis  may  reach  its  height  in  anywhere  from 
a  few  hours  to  a  few  days.  In  cases  where  the  onset  is  rapid,  one  fre- 
quently finds  a  flaccidity  or  loss  of  tone  in  the  paralyzed  extremities, 
for  the  first  few  days  at  least,  and  this  is  to  be  accounted  for  by  the 
sudden  irritative  destruction  of  the  pyramidal  tracts  increasing  their 
inhibitive  action  on  the  lower  motor  neurones.  For  as  the  irritation 
ceases  and  degeneration  sets  in,  removing  the  inhibitory  action  of 
these  fibers,  the  tone  of  the  muscles  in  the  paralyzed  extremity  increases 
and  soon  a  definite  spasticity  develops  with  increased  tendon-jerks. 
This  may  become  very  severe  so  that  it  is  almost  impossible  to  bend 
the  legs  passively;  in  such  cases,  if  neglected,  contractures  develop 
in  the  course  of  time  with  consequent  deformity.  When  contractures 
have  developed  it  may  be  impossible  to  obtain  the  tendon-jerks.  Not 
infrequently  the  patient  suffers  greatly  from  spasmodic  twitchings  of 
the  legs  of  a  reflex  nature,  preventing  sleep.  In  other  cases  the  para- 
plegia may  not  be  quite  so  complete  and  the  patient  can  move  his 
legs  a  little  but  with  no  strength — possibly  he  can  move  the  toes  only — 
depending  on  the  extent  of  the  lesion.  The  extent  of  the  paralysis 
wdll  depend  on  the  level  of  the  lesion  in  the  cord;  if  the  lower  cervical 
region  is  affected  the  muscles  of  the  arms  will  show  a  flaccid  atrophic 
paralysis  with  loss  of  tendon-jerks,  respiration  will  depend  on  the 
diaphragm,  while  the  legs  will  be  paralyzed  and  spastic,  the  bladder 
also  will  be  paralyzed.  If  the  upper  cervical  segments  are  involved 
the  consequent  diaphragmatic  paralysis  will  cause  death  by  asphyxia. 

Below  the  level  of  the  lesion  there  will  be  loss  of  sensibility  more 
or  less  marked  to  all  forms  of  stimulation,  and  the  reader  is  referred  to 
the  charts  showing  the  segmentary  sensory  distribution  in  the  skin. 
The  tendon-jerks  are  all  exaggerated  below  the  level  of  the  lesion  and 
both  rectus  and  ankle  clonus  can  usually  be  obtained.  The  plantar 
response  is  practically  invariably  extensor  in  type  (Babinski's  phe- 
nomenon) from  the  first;  Oppenheim's  tibialis  phenomenon  may  also 
be  positive.  The  abdominal  reflexes  are  lost  below  the  level  of  dis- 
tribution of  the  lesion  and  may  be  present  above  it  if  the  injury  is 
between  the  seventh  and  twelfth  dorsal  segments,  and  in  this  case 
also  Bevor's  sign  will  be  present,  that  is,  if  the  patient  be  told  to  rise 
into  the  sitting  position  from  the  recumbent  while  his  arms  are  folded, 
on  making  the  attempt  the  umbilicus  will  be  seen  to  ride  upward  toward 
the  ribs,  owing  to  the  contraction  of  the  non-paralyzed  upper  portion 
of  the  recti  abdominis  and  the  stretching  of  the  paralyzecl  lower 
portion. 

The  bladder  being  cut  off  from  all  central  control  will  act  reflexly, 
giving  rise  to  retention  of  urine,  with  possibly  the  incontinence  of 
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overflow,  rendering  catheterization  necessary.  This  very  often  goes 
on  to  a  complete  incontinence  hiter.  The  bowels  are  afl'ected  similarly. 
Trophic  disturbances  are  very  apt  to  aft'ect  the  skin  over  the  paralyzed 
parts  exposed  to  pressure,  and  bed-sores  form  over  the  sacrum,  the 
trochanters,  and  on  the  heels,  often  with  great  rapidity.  The  incon- 
tinence of  urine  and  feces  of  course  adds  to  this  tendency  considerably. 

The  picture  will  vary  somewhat  according  to  the  site  of  the  lesion 
and  its  extent.  If  the  lumbar  and  sacral  region  be  affected  there  will 
of  course  result  an  atrophic  flaccid  paralysis  of  the  lower  extremities 
with  loss  of  tendon-jerks.  Or  if  the  focus  be  confined  to  one-half  the 
transverse  diameter  of  the  cord,  there  will  result  a  Brown-Sequard  type 
of  paralysis,  with  the  spastic  motor  paralysis  and  loss  of  sense  of 
position  in  the  homolateral  extremities  below  the  level  of  the  lesion, 
and  the  loss  of  sensibility  of  the  opposite  extremities,  especially  to 
heat,  cold,  and  painful  stimuli. 

In  disseminated  myelitis  the  symptoms  will  vary  with  the  site  of 
the  lesions,  and  these  are  not  confined  to  the  cord  but  may  affect  the 
pons,  medulla,  or  any  part  of  the  brain.  The  disease  not  infrequently 
follows  influenza  and  the  exanthems.  The  onset  is  febrile  in  char- 
acter with  general  malaise,  headache,  and  chill}^  sensations,  the  picture 
of  a  toxic  condition,  and  in  the  course  of  a  few  hours  there  will  be 
evidence  of  organic  disease  of  the  nervous  system — perhaps  a  complete 
paraplegia,  or  one  leg  may  be  paralyzed  completely,  the  other  only 
incompletely.  Possibly  paralj^sis  in  the  area  of  distribution  of  some 
cranial  nerve  may  be  the  only  evidence,  or  it  may  be  involved  at  the 
same  time  as  the  extremities.  In  a  large  percentage  of  cases  the  optic 
nerve  is  affected  giving  rise  to  a  retrobulbar  neuritis.  Sometimes  one 
sees  a  more  or  less  complete  hemiplegia.  In  other  cases  a  flaccid  par- 
alysis of  an  extremity  with  loss  of  reflexes.  Impairment  of  sensibility 
will  depend  on  the  parts  affected.  As  a  rule  the  extensor  plantar 
responses  give  evidence  of  involvement  of  the  pyramidal  tracts.  Owing 
to  their  long  course  through  the  brain  and  cord  we  could  hardly  expect 
them  to  escape  being  caught  in  one  or  other  of  the  scattered  lesions 
of  the  disease. 

Usually  after  a  few  days  the  fever  subsides  and  the  patient  feels 
very  much  better,  and  gradually  in  a  few  weeks  the  paralysis  clears 
up  to  a  greater  or  lesser  extent,  although  never  completely.  If  the 
disease  has  been  mild  there  may  be  only  a  certain  difficulty  in  walking, 
especially  when  fatigued — perhaps  affecting  one  leg  more  than  another, 
and  possibly  some  impairment  of  vision.  Examination  will  then  show 
practically  nothing  but  bilateral  extensor  plantar  responses  and  a 
partial  optic  atrophy.  Of  course  the  symptoms  will  vary  with  the 
extent  and  situation  of  the  lesions,  and  we  sometimes  see  intention 
tremor  of  the  upper  extremities,  nystagmus,  and  spasticity  of  the  legs. 
Practically  speaking,  it  is  usually  impossible  clinically  to  distinguish 
between  disseminated  myelitis  and  disseminated  sclerosis.  ^ 

Course  and  Prognosis. — Both  these  depend  on  the  site  and  the 
severity  of  the  lesion.    When  the  upper  cervical  cord  is  afl'ected  with 
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consequent  respircatory  paralysis  death  of  course  follows  rapidly.  In 
other  cases,  death  when  it  occurs  is  due  to  other  complications  such 
as  cystitis  with  an  ascending  infection  of  the  urinary  tract  and  general 
pyemia.  Pneumonia  is  not  an  uncommon  terminal  event  in  these 
cases,  or  frequently,  septicemia  from  bed-sores  may  lead  to  a  fatal 
termination.  But,  as  a  rule,  especially  in  cases  of  acute  onset,  while 
the  initial  paralysis  is  severe,  it  clears  up  to  some  extent  fairly  quickly. 
Some  cases  make  an  almost  complete  recovery,  but  usually  some  per- 
manent paralysis  is  left.  In  my  experience  the  prognosis,  speaking 
generally,  is  better  in  cases  in  which  the  onset  has  been  acute  than  in 
those  in  which  the  symptoms  have  taken  some  days  to  become  complete. 

Treatment. — The  most  common  cause  of  death  in  these  cases  is  from 
cystitis  and  bedsores,  therefore  our  first  aim  must  be  to  prevent  these. 
The  patient  should  be  put  on  a  water-  or  air-bed  immediately,  air-cush- 
ions under  the  buttocks  and  padded  rings  for  the  heels  are  in  my  experi- 
ence but  poor  substitutes  for  the  water-bed.  Scrupulous  care  must 
be  taken  of  the  back,  and  the  skin  should  be  rubbed  thoroughly  and 
systematically  with  alcohol  twice  a  day,  the  sheets  should  be  kept 
clean,  and  it  is  well  to  dust  them  with  oxide  of  zinc  and  starch  powder. 
The  draw-sheet  should  be  changed  as  occasion  demands;  the  inconti- 
nence of  feces  and  urine  render  this  very  frequently  necessarj^  If  the 
skin  becomes  reddened  and  shows  signs  of  breaking  down  a  lotion 
made  up  of  10  grains  of  tannin  to  the  ounce  of  rectified  spirits,  or  a 
solution  of  alum,  is  often  useful  in  preventing  the  actual  formation 
of  a  sore.  If  the  skin  becomes  broken  and  an  actual  bed-sore  form, 
it  should  be  dressed  with  zinc  oxide  ointment,  or  a  dusting  powder 
of  aristol  if  it  remain  clean.  A  septic  sloughing  bed-sore  should  be 
sw^abbed  out  thoroughly  with  hydrogen  peroxide  or  some  other  aseptic 
solution. 

Catheterization  is  usually  necessary  for  some  time  and  scrupulous 
asepsis  must  be  used.  It  is  good  practice  to  administer  some  urinary 
antiseptic  by  mouth,  for  example  urotropin,  grains  v  to  x,  three  times  a 
day.  The  bladder  should  not  be  allowed  to  become  overdistended,  but 
should  be  emptied  every  eight  to  ten  hours.  A  soft  rubber  catheter, 
rendered  perfectly  aseptic  by  boiling,  is  best,  and  the  orifice  of  the 
urethra  should  be  sponged  with  some  mild  antiseptic  solution  before 
this  is  passed.  The  catheter  is  usually  lubricated  with  sterilized 
vaseline.  If  cystitis  occur  in  spite  of  these  precautions,  and  it  some- 
times will,  especially  where  the  bladder  wall  has  been  allowed  to 
become  overdistended,  the  bladder  should  be  washed  out  daily  with  a 
warm  solution  of  boracic  acid — 10  grains  to  the  ounce. 

The  involuntary  spasmodic  twitchings  of  the  legs  are  often  very 
troublesome,  wakening  the  patient  from  sleep  or  preventing  his  getting 
to  sleep;  they  are  best  controlled  by  bromides  or  small  doses  of  hyoscine 
hyrirobromate.  Hot  applications,  and  when  it  is  possible  hot  baths, 
are  also  often  useful  in  affording  relief  from  this  symptom,  and  also 
from  the  great  spasticity  of  the  lower  extremities. 

The  patient's  position  in  bed  should  be  frequently  changed,  not 
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only  to  prevent  the  formation  of  bed-sores  but  to  avoid  the  tendency 
to  hypostatic  congestion  of  the  lungs  when  the  intercostal  muscles 
are  paralyzed. 

At  the  onset  of  the  disease  a  calomel  purge  will  be  indicated,  followed 
by  a  mild  saline  and  again  by  mild  diaphoretic  treatment  for  the 
elimination  of  toxins  from  the  system.  This  is  probably  best  done  by 
following  Oppenheim's  suggestion  of  introducing  steam  by  a  suitable 
apparatus  under  the  bedclothes. 

As  recovery  begins  to  take  place  general  massage  will  be  very  helpful 
and  passive  movements  of  the  paralyzed  extremities  will  prevent 
contractures  forming.  In  fact,  from  the  beginning  one  should  endeavor 
by  all  means  to  prevent  the  formation  of  deformities — cages  may  be 
used  to  keep  the  weight  of  the  clothes  off  the  feet,  and  supports,  as 
sandbags  or  a  cross-board  at  the  foot  of  the  bed,  will  also  aid  in  prevent- 
ing foot  drop.  Something  of  the  nature  of  a  Gowers'  boot  can  often 
be  devised  by  cutting  a  large  piece  of  leather  so  that  it  can  be  bent  to 
fit  around  the  leg  and  foot,  carefully  padded,  and  laced  up.  An  elastic 
should  now  be  run  from  near  the  toe  and  attached  to  the  upper  part 
of  the  boot  just  below  the  knee.  In  this  way  the  foot  can  be  maintained 
at  a  right  angle  to  the  leg. 


SPINAL  GLIOMATOSIS  AND  SYRINGOMYELIA 

(aupiy^  =  Si  flute  or  pipe,  and  /^y-^oc  =  marrow) . 

These  two  conditions  will  be  considered  together,  as  usually  they 
are  associated  the  one  with  the  other  and  the  symptoms  produced  are 
identical.  In  spinal  gliomatosis,  or  gliosis,  we  have  an  overgrowth 
of  neuroglial  tissue  in  the  centre  of  the  cord,  which,  while  not  giving 
rise  to  any  great  enlargement  of  the  cord  locally, -^orms  a  definite 
tumor  growth  in  parts,  while  at  other  levels  it  breaks  down  and  forms 
cavities  in  the  long  axis  of  the  organ. 

There  is  also  another  condition  which  should  be  mentioned  in  this 
place,  namely,  a  simple  enlargement  of  the  central  canal,  hydromijeUa, 
which  may  be  either  congenital  and  in  such  cases  may  be  associated 
with  other  evidences  of  retarded  development,  as  spina  bifida  and  such 
like  deformities,  or  may  be  due  to  an  oversecretion  of  the  ependymal 
epithelium  and  associated  or  comparable  with  the  condition  of  hydro- 
cephalus. 

Etiology.— One  can  realize  that  such  cavities  in  the  lumen  of  the 
cord  might  also  follow  hemorrhage  into  its  substance  (hematomyelia), 
and  it  has  been  held  by  some  that  this  cavity  formation  may  follow 
foci  of  inflammation  of  the  cord  (myelitis).  While  any  of  these  various 
causes  may  be  active  in  individual  cases,  the  general  belief  now  is  that 
the  great  majority  of  cases  are  caused  by  defects  in  the  develop- 
mental processes  in  the  closing  in  the  neural  canal,  so  that  nests  of 
glia  cells  being  cut  off,  lie  latent  until  some  exciting  cause  starts  them 
to  grow  and  proliferate.   Thus  a  primary  gliosis  is  formed  about  the 
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Syringomyelic  Cavity  in  the  Cord  (Cervical  Region). 
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Fig.  1 


Another  Level  of  the  Cord,  showing  Gliomatous  Tumor. 


Fig.  2 


Syringomyelia,  showing  the  Ciir-vatui-e  of  the  Back  and  the 
Atrophy  of  the  Small  Muscles  of  the  Hands. 
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centre  of  the  cord  which  may  later  break  down  giving  rise  to  cavity 
formation.  So  frequently  has  it  been  observed  that  the  onset  of  this 
disease  seems  to  follow  some  injury  to  the  back,  that  it  appears  possible 
that  trauma  may  act  as  an  exciting  cause  in  starting  the  proliferation 
of  these  nests  of  embryonic  glial  cells.  The  conditions  in  which  cavity 
formation  occur  in  the  cord  are  known  as  syringomyelia. 

Pathological  Anatomy. — On  exposing  the  cord  one  may  observe  some 
little  fulness  in  some  parts  while  in  others  its  appearance  is  broadened 
and  flattened,  and  possibly  it  may  be  thrown  into  longitudinal  folds, 
especially  if  the  fluid  has  drained  out  of  the  cavity.  On  palpation  the 
cord  feels  like  a  tube  under  the  finger  while  at  other  levels  it  may  be 
firmer  than  normal.  On  section,  at  one  part  the  centre  of  the  cord 
may  have  a  firm  pale  yellowish  colored  core,  while  at  other  levels 
definite  cavities  exist  containing  a  clear  fluid.  The  cavity  may  be  of 
any  size  and  any  shape  but  is  usually  situated  about  the  posterior 
part  of  the  gray  commissure.  It  is  usually  surrounded  by  a  more  or 
less  thick  margin  of  a  homogeneous  pale  yellowish  color,  the  pro- 
liferated neuroglial  tissue.  The  cavity  may  be  distended  with  fluid 
and  so  give  rise  to  an  involvement  of  the  pyramidal  tracts  by  pres- 
sure, or  the  actual  proliferation  of  the  glial  tissue  may  involve  these 
or  the  anterior  horns  of  the  gray  matter.  This  gliosis  may  extend  the 
whole  length  of  the  cord,  or  may  be  localized  more  or  less  to  one 
part.  The  cervical  region  is  more  commonly  affected  but  cases  have 
been  reported  where  the  neoplasm  extended  upward  to  the  fourth 
ventricle  and  even  to  the  internal  capsule.  Not  infrequently  there 
w^ll  be  found  at  one  level  a  double  cavity,  one  in  each  posterior  horn; 
but  if  these  be  follow^ed  up  they  will  be  found  to  unite  into  one 
cavity  or  into  a  single  mass  of  glial  tissue.    (Plates  XLIII  and  XLIV.) 

In  the  condition  known  as  hydromyelia,  where  there  is  simply  an 
enlargement  of  the  spinal  canal,  the  margins  of  the  cavity  will  be 
lined  more  or  less  completely  with  cuboidal  epithelium. 

Microscopically  one  finds  the  neoplasm  is  made  up  of  glia  cells  and 
fibers  in  varying  proportions. 

Symptoms.— The  symptoms  will  vary  to  some  extent  according  to 
the  site  of  the  disease.  As  this  is  most  commonly  situated  mainlv  in 
the  cervical  enlargement  and  the  dorsal  cord,  it  will  be  well  to  take  up 
first  a  typical  case.  In  any  case  there  will  be  muscular  atrophy  and 
a  peculiar  loss  of  sensibility,  and  to  this  may  be  added  evidence  of  a 
lesion  of  the  pyramidal  tract  and  very  often  vasomotor  and  trophic 
disturbances.  In  the  typical  case  one  finds  a  progressive  atrophy  of  the 
muscles  of  the  upper  extremities  and  shoulder  girdle  and  very  often  of  the 
spinal  musculature  as  W'cll  with  consequent  spinal  curvature.  There  may 
be  contractures  of  the  unopposed  healthy  muscles  of  the  arms  with  the 
formation  of  deformities.  (Plate  XLIV,  Fig.  2.)  Fibrillary  twitchings 
are  usually  to  be  seen  in  the  muscles  when  they  are  first  afl'ected.  The 
electrical  reactions  of  the  muscles  will  depend  on  the  amount  of  des- 
truction of  the  cells  in  the  anterior  horns  supplving  those  muscles. 
In  some  there  will  be  the  characteristic  reaction  of  degeneration,  in 
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others  simply  a  diminution  in  their  reaction  to  the  various  forms  of 
electrical  stimulation.  In  the  lower  extremities  there  is  in  welkJe 
velopetl  cases,  invariably  all  the  evidences  of  a  lesion  of  the  pyramidal 
tract  The  patient  in  walldng  has  difficulty  in  raising  his  toes  off  the 
floor,  he  wears  out  the  soles  of  his  shoes  at  the  toes;  there  is  stiffness 
in  the  legs  due  to  the  increase  of  tone  in  the  muscles.  The  knee-  and 
ankle-jerks  are  exaggerated  and  usually  marked  ankle  clonus  is  obtain- 
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Syringomyelia,  showing  the  disassociated  loss  of  sensibility.    Areas  of  loss  of  sensibility  to  pain. 


able.  The  plantar  responses  are  of  the  extensor  type  (Babinski's 
phenomenon)  and  the  abdominal  and  epigastric  reflexes  will  in  the 
majority  of  cases  be  unobtainable. 

So  far  there  is  nothing  to  distinguish  the  condition  from  one  of  amyo- 
trophic lateral  sclerosis  with  which  it  was  confused  clinically  for  many 
years.  But  in  syringomyelia  we  will  find  also  peculiar  and  character- 
istic disturbances  of  sensibility  to  paiu,  heat,  and  cold,  of  a  dissociative 
type,  that  is,  the  area  of  loss  to  pain  will  not  coincide  absolutely  with 
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Fig.  1 


Syi'ingomyelia.     Trophic  Disturbances 
"La  Main  Succulente." 


Fig.  2 


Syringomyelia.     "Prediger  Hande." 
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that  for  heat,  or  neither  will  coincide  exactly  with  that  for  sensibility 
to  cold  (Figs.  53  to  55).  These  areas  of  loss  of  sensibility  do  not  corre- 
spond to  the  peripheral  nerve  distribution  but  follow  rather  the  seg- 
mental type.  Tactile  sensibility  is,  as  a  rule,  unimpaired  save  in  old 
standing  and  very  advanced  cases.  In  rare  cases  the  sense  of  position 
of  the  muscles  may  be  impaired,  giving  rise  to  an  ataxia — often  confined 
to  one  lower  extremity. 

Fio.  54 


Syringomyelia.    Areas  of  loss  of  sensibility  to  heat. 


Trophic  disturbances  are  quite  frequent  and  varied.  A  hand  may 
become  much  thickened  and  swollen  on  its  dorsal  surface  but  does  not  pit 
on  pressure  (main  succulente  of  Marinesco).  (Plate  XLV,  Fig.  1.)  The 
skin  on  the  back  of  the  hand  is  quite  red,  w'hile  on  the  swollen  spindle- 
shaped  fingers  the  skin  is  smooth  and  glossy  and  when  cold  of  a  reddish- 
blue  color.  Whitlows  are  a  frequent  complication  and  often  appear 
in  close  succession  in  some  cases.  They  are  quite  painless,  as  a  rule, 
and  on  this  account  are  apt  to  be  quite  dangerous.  It  is  only  when 
from  the  extent  of  the  surrounding  inflammation,  tissues  are  involved 
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that  still  retcain  their  sensibility,  that  pain  is  complained  of.  Owing  to 
the  loss  of  trophic  control  of  the  tissues  suppuration  spreads  quickly, 
and  frequently  permanent  damage  and  deformi't;)  are  caused  very 
rapidly.  Trophic  disturbances  may  also  affect  the  bones  or  the  skin, 
and  various  disturbances  of  the  sweat  secretion  have  been  described! 
]\Iorvan's  type  of  the  disease  is  characterized  by  repeated  affections 
of  the  affected  parts  with  ulceration  and  necrosis.   The  clinical  picture 


FiQ.  55 


Syringomyelia.    Areas  of  loss  of  sensibility  to  cold. 


varies  somewhat  with  the  site  of  the  lesion  in  the  cord.  Thus  one  may 
get  the  parts  supplied  by  the  bulbar  nuclei  affected,  with  atrophic 
paralysis  of  the  tongue  and  mouth  muscles,  a  condition  of  syringobulbia; 
or  the  lumbosacral  cord  may  be  affected  with  the  consequent  atrophic 
paralysis  of  the  parts  supplied. 

The  onset  of  the  disease  is  so  gradual  that  usually  when  the  patient 
comes  under  observation  between  the  ages  of  twenty-five  and  forty 
years  for  some  trophic  disturbance  of  the  muscles,  skin,  or  joints  the 
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characteristic  symptoms  of  th(?  disease  are  well  marked.  The  course 
is,  as  a  rule,  steadily  progressive,  although  remissions  may  occur. 
Death  usually  occurs  from  some  complication,  either  cystitis  or  septi- 
cemia, from  some  necrotic  area,  or  by  involvement  of  the  vital  centres 
in  the  medulla. 

Diagnosis. — As  a  rule  this  is  not  difficult.  The  characteristic  loss 
of  sensibility  will  distinguish  the  disease  from  amyotrophic  lateral 
sclerosis  or  from  progressive  muscular  atrophy.  Brachial  neuritis  may 
give  rise  to  atrophy  of  the  hand  muscles  and  to  loss  of  sensibility,  but 
this  usually  is  to  all  forms  of  sensibility,  and  corresponds  in  extent  to 
the  nerves  affected.  Of  course  in  neuritis  the  pyramidal  tracts  would 
not  be  involved  and  there  would  be  no  signs  of  spastic  paraplegia. 

Prognosis. — This  is  always  unfavorable.  Nothing  can  be  done  to 
influence  the  disease  process,  although  remissions  occasionally  may 
occur.  The  course  is,  as  a  rule,  very  slowly  progressive  and  it  is  usually 
many  years  before  the  patient  becomes  absolutely  incapacitated. 

Treatment. — Although  we  can  do  nothing  to  influence  the  disease 
process  much  can  be  done  for  the  associated  conditions.  The  patient 
should  be  warned  of  the  great  danger  attending  wounds,  however 
insignificant,  when  situated  in  analgesic  parts,  and  when  these  do 
occur  they  should  receive  immediate  attention  and  special  care  to 
prevent  infection.  Should  infection  take  place  surgical  intervention 
with  proper  drainage  and  suitable  dressings  should  be  immediately 
requisitioned.  In  the  early  stages  massage  and  passive  movements 
may  improve  temporarily  the  strength  of  the  weakened  muscles  and 
lessen  the  spasticity  of  the  lower  extremities.  The  muscular  spasm 
of  the  lower  extremities  may  be  relieved  by  bromides,  or  when  these 
fail  by  hyoscine  hydrobromate. 

HEMATOMYELIA 

Etiology. — Hemorrhage  into  the  spinal  cord  may  occur,  as  has  been 
already  mentioned,  into  a  syringomyelic  cavity  or  gliosis,  without  any 
other  apparent  extraneous  etiological  factor  being  present.  It  occurs 
probably  far  more  frequently,  however,  as  the  result  of  trauma,  either 
when  there  is  associated  fracture  or  dislocation  of  the  vertebrae,  or 
indeed  in  many  cases  when  there  has  been  no  direct  blow  to  the 
back,  but  when  the  individual  has  sustained  a  hard  fall,  landing  on 
the  feet  or  even  on  the  buttocks,  or  as  not  infrequently  happens,  when 
a  person  diving  finds  the  water  not  as  deep  as  anticipated  and  strikes 
the  bottom  with  his  head.  It  may  occur  also  as  the  result  of  great 
muscular  exertion,  and  cases  are  reported  where  it  has  come  on  while 
the  patient  was  carrying  a  heavy  weight.  I  have  seen  it  produced  in 
an  otherwise  apparently  healthy  woman,  by  fright  combined  with 
sudden  great  muscular  exertion  in  escaping  from  a  runaway  horse, 
with  resulting  sudden  complete  paraplegia.  It  may  occur  as  a  result 
of  excessive  coitus.  Difficult  labor  is  a  frequent  caus'^  of  hematomyelia 
in  the  newborn  child.   Hemorrhages  into  the  cord  occur  also  in  acute 
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poliomyelitis  and  other  acute  inflammatory  conditions,  and  in  patients 
who  have  died  in  convulsions,  when  the  respiratory  muscles  have  been 
affected,  and  there  has  been  a  somewhat  rapid  asphyxia.  But  these 
must  not  be  included  as  cases  of  hematomyelia  since  the  symptoms  are 
all  of  the  primary  diseases.  This  disease  is  far  more  common  in  males 
than  in  females,  probably  altogether  because  of  the  difference  in  their 
occupation  and  the  greater  exposure  to  accidents  in  the  case  of  men. 
It  may  occur  at  any  age,  but  is  most  frequently  met  with  between  the 
ages  of  twenty  and  forty. 

Plemorrhage  into  the  cord  almost  always  affects  the  gray  matter, 
partly  because  this  part  is  more  vascular  and  partly  because  here  the 
vessel  walls  have  less  support  from  the  cord  tissue.  The  effusion  may 
involve  both  horns,  or  may  be  confined  to  one  side.  In  rare  cases 
only  is  the  hemorrhage  severe  enough  to  burst  through  the  cord  sub- 
stance into  the  spinal  canal  or  rather  into  the  membranes.  It  rather 
spreads  lengthwise  in  the  cord  as  the  direction  of  lesser  resistance  and 
in  some  cases  may  extend  quite  a  distance.  Not  infrequently  numerous 
minute  lesions  occur  scattered  throughout  the  cord. 

Symptoms. — The  onset  is  invariably  sudden  and  without  warning, 
but  there  may  be  a  gradual  increase  in  the  symptoms  for  one  or  two 
hours  or  more,  due  to  the  continuation  of  the  hemorrhage  and  also 
to  the  consequent  surrounding  edema  affecting  neighboring  structures. 
The  symptoms  will  vary  with  the  site  of  the  lesion,  but,  as  a  rule,  there 
is  more  or  less  complete  paraplegia  with  sensory  loss  below^  the  site 
of  the  injury.  The  bladder  functions  are  disturbed  giving  rise  to  reten- 
tion of  urine,  necessitating  catheterization.  Vasomotor  and  trophic 
disturbances  may  come  on  very  rapidly.  The  lumbar  enlargement  is 
frequently  the  site  of  such  a  hemorrhage,  with  the  subsequent  flaccid 
paralysis  of  the  muscles  of  the  legs  and  loss  of  knee-  and  ankle-jerk 
and  later  atrophy  of  the  muscles  may  develop.  There  will,  of  course, 
be  loss  of  sensibility  of  the  segmental  type.  When  the  cervical  enlarge- 
ment is  aft'ected,  the  muscles  of  the  arms  or  hands  will  be  more  or 
less  paralyzed  and  flaccid,  while  the  legs  will  show  a  paresis  with 
increase  in  the  tone  of  the  muscles  and  the  knee-  and  ankle-jerks  will 
be  exaggerated,  due  to  the  sudden  pressure  on  the  corticospinal  tracts. 
The  paralysis  and  contractures  may  give  rise  to  an  appearance  de- 
scribed by  Oppenheim  as  the  Prediger  Hdnde,  or  preacher's  hand,  as  in 
Plate  XLV,  Fig.  2.  Not  infrequently  such  a  hemorrhage  is  confined  to 
one  side  of  the  cord  in  the  gray  matter  and  one  gets  all  the  evidences 
of  a  Brown-Sequard  paralysis  with  flaccid  paralysis  of  one  arm  and  a 
spastic  paralysis  of  the  leg  on  the  same  side,  with  a  loss  of  sensibility 
to  pain,  heat,  and  cold  on  the  opposite  side.  The  sense  of  position  in 
the  muscles  of  the  spastic  leg  may  be  impaired  as  well.  Pains  in  the 
area  of  distribution  in  the  nerve  roots  may  be  present  from  the  first. 
Death  seldom  follows  uncomplicated  hemorrhage  into  the  cord  unless  the 
upper  cervical  segments  are  severely  affected,  and,  as  a  rule,  with  proper 
care  the  patient  soon  shows  signs  of  improvement  even  within  a  few 
days.   As  the  effects  of  the  shock  and  disturbances  of  pressure  wear  off 
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the  paralysis,  both  sensory  and  motor,  diminishes  and  control  of  the 
bladder  is  regained,  and  this  improvement  is,  as  a  rule,  steadily  pro- 
gressive. Usually  this  improvement  only  goes  a  certain  way  toward 
recovery,  and  some  sign  of  the  lesion  remains  permanently.  Frequently 
this  is  seen  in  an  atrophic  paralysis  of  certain  muscles;  as  has  been  said 
the  lesion  generally  originates  in  the  gray  matter  of  the  cord. 

Differential  Diagnosis. — The  suddenness  of  the  onset  of  motor  and 
usually  sensory  paralysis  with  pain  in  the  back  and  in  the  area  of 
distribution  of  the  nerve  roots  is  the  characteristic  feature  of  this 
disease.  It  is  to  be  distinguished  from  hemorrhage  into  the  meninges 
by  the  absence  of  the  great  rigidity  of  the  paralyzed  muscles  which 
is  seen  in  the  latter  condition.  Lumbar  puncture,  with  withdrawal 
of  the  cerebrospinal  fluid,  would  of  course  immediately  show  whether 
or  not  there  has  been  extravasation  of  blood  into  the  meninges.  The 
absence  of  prodromal  symptoms  is  characteristic.  In  myelitis  there  is 
usually  some  warning,  the  onset  is  slower  and,  as  a  rule,  there  is  fever. 
In  thrombosis  of  the  spinal  vessels  with  softening  there  may  be  no 
fever  but  the  onset  is  much  slower  and  warnings,  as  a  rule,  are  felt  for 
some  time  before  the  onset  of  the  paralysis.  Acute  poliomyelitis  is 
usually  associated  with  some  preceding  fever  and  general  malaise. 
Some  cases  do  occur  in  which  the  child,  while  playing  around,  falls, 
apparently  as  the  first  evidence  of  the  onset  of  the  paralysis,  and  in 
such  cases  if  there  is  no  further  evidence  later  of  inflammatory  foci 
in  other  parts  of  the  cord  it  would  be  difficult  to  exclude  a  diagnosis 
of  hematomyelia,  save  that  with  fairly  extensive  motor  paralysis  there 
would  be  no  sensory  impairment  or  signs  of  involvement  of  the 
pyramidal  tracts  present  in  poliomyelitis  as  one  would  expect  to 
find  in  paralysis  due  to  hemorrhage. 

Treatment.  —  Rest  in  bed  is  absolutely  essential  and  should  be 
obtained  as  soon  as  possible;  ice-bags  applied  along  the  spine  over  the 
site  of  the  hemorrhage  may  aid  in  stopping  the  extravasation.  All 
exertion  should  be  forbidden,  and  the  patient  should  only  be  moved 
with  great  care  and  sufficient  help  to  insure  his  not  attempting  to 
help  himself.  The  bowels  should  be  well  opened  and  kept  loose  to 
prevent  any  straining.  If  the  paralysis  is  severe  it  would  be  well  to 
get  the  patient  on  a  water-  or  air-bed  as  soon  as  possible  to  prevent 
the  formation  of  bed-sores.  The  retention  of  urine  will  necessitate 
catheterization  at  least  for  a  while  and  the  usual  aseptic  precautions 
are  much  more  essential  than  in  the  ordinary  surgical  case.  It  is  advis- 
able to  put  the  patient  on  urotropin,  grain  v  or  x,  three  times  a 
day,  to  lessen  this  tendency  to  cystitis.  After  the  acute  stage  is  over 
and  recovery  has  progressed  well,  warm  baths  and  massage  with  passive 
movements  are  indicated  for  the  spasticity,  and  electrical  treatment 
with  the  galvanic  current  to  the  atrophic  muscles.  It  is  well  to  keep 
the  patient  in  the  recumbent  position  for  some  weeks  to  prevent  any 
chance  of  a  recurrence,  and  when  he  first  begins  to  walk,  some  sort  of  a 
wheeled  carriage  on  which  he  can  rest  his  arms  and  support  the  weight 
of  his  body,  while  he  uses  the  legs,  will  be  found  extremely  helpful. 
VOL,  II — 38 
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TUMORS  OF  THE  SPINAL  CORD  AND  ITS  MEMBRANES 

Since  1887,  when  Horsley  first  operated  successfully  on  a  case  of 
spinal  cord  tumor,  diagnosticated  and  localized  by  Gowers,  the  interest 
in  such  neoplasms  has  increased  materially  and  such  operations  are 
by  no  means  uncommon.  Tumors  of  the  cord  can  be  classified  into 
those  of  the  coverings  of  the  cord,  and  secondly,  those  of  the  cord  itself. 
The  first  may  be  divided  again  into  those  which  originate  in  the  bony 
covering  of  the  cord  or  from  the  softer  tissues  about  the  vertebral 
bodies,  and  involve  the  cord  secondarily — vertebral  tumors,  and  secondly 
those  wliich  begin  in  the  membranes,  either  the  dura  or  the  pia  arach- 
noid— intravertebral  tumors.  These  latter  may  again  be  divided  into 
intra-  and  extradural  tumors.  Tumors  originating  in  the  cord  itself 
are  termed  intramedullary  tumors. 

Between  these  two  groups  we  must  consider  those  neoplasms  which, 
commencing  in  the  pia-arachnoid,  spread  in  and  invade  the  cord  itself. 
Most  frequent  and  of  most  practical  interest  are  the  meningeal  tumors, 
if  we  except  syphilitic  gummata  and  gliosis  spinalis,  which  are  dis- 
cussed under  their  separate  chapters.  Spinal  gummata  will  of  course 
cause  the  same  symptoms  as  any  other  tumor  of  the  cord,  but  prac- 
tically from  the  point  of  view  of  treatment  especially  it  is  very 
different.    Spinal  caries  also  will  be  taken  up  separately. 

Vertebral  Tumors. — Symptoms.— Vertebral  tumors  give  rise  to  symp- 
toms referable  to  the  nervous  system  by  gradual  involvement  of  the 
spinal  roots  and  the  cord  itself;  they  are  of  a  carcinomatous  or  sarco- 
matous nature  as  a  rule^ — sometimes  bony  exostoses  act  in  the  same  way. 
Carcinoma  of  the  vertebrae  is  almost  always  secondary  to  a  focus  else- 
where, it  may  be  in  the  stomach,  uterus,  or  especially  frequently  in 
the  breast.  The  consequent  destruction  of  the  vertebral  bodies  gives 
rise  to  a  gibbus  formation  and  squeezing  of  the  cord  or  nerve  roots. 
Sarcoma  and  osteosarcoma  usually  originate  in  the  periosteum  or  in 
the  marrow  of  the  vertebral  bodies,  especially  in  the  pelvic  bones,  in 
which  case  they  give  rise  to  pressure  symptoms  on  the  sacral  plexus. 
In  other  cases  by  extension  through  the  intervertebral  spaces  they  may 
cause  pressure  directly  on  the  cord  itself.  Bony  exostoses  cause  pres- 
sure on  the  cord  or  roots  by  their  growth  from  the  inner  surface  of 
the  vertebrae  or  from  their  laminae.  One  should  in  this  plac"e  mention 
aneurysms  of  the  aorta,  which  by  gradual  erosion  of  the  bodies  of  the 
vertebrae  may  give  rise  to  pressure  symptoms,  generally  of  the  nerve 
of  roots  with  consequent  girdle  pains.  The  patient  usually  complains 
of  severe  boring  pains  in  the  spine,  especially  on  movement,  and  stiff- 
ness of  the  back,  and  frequently  of  neuralgic  pain  in  the  region  of  the 
intercostal  nerves  due  to  their  compression,  and  finally  the  cord  itself 
may  become  compressed.  Severe  intercostal  neuralgia  with  a  history 
of  periods  of  intense  pain  varying  with  periods  of  comparative  ease, 
should  make  one  think  of  aneurysm  of  the  aorta  pressing  on  the  inter- 
costal nerves.    Arthritis  deformans  should  also  be  considered  here, 
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as  it  not  infrequently  affects  the  vertebrae  and  may  cause  root  pains 
by  involvement  of  the  nerve  roots  as  they  pass  out  through  the  inter- 
vertebral foraminne,  it  practically  never  leads  to  pressure  on  the  cord 
itself.  Severe  pains  and  stiffness  of  the  vertebral  column  are  the  usual 
results. 

In  tumors  of  the  vertebrfB,  as  carcinoma  and  sarcoma,  the  bone  itself 
is  first  involved  and  then  the  spinal  roots  and  finally  the  cord  itself 
begins  to  be  compressed.  It  may  be  simply  compressed  or  softening 
may  occur  as  the  result  of  cutting  off  the  blood  supply.  It  seldom 
happens  that  it  is  directly  infiltrated  by  the  newgrowth,  the  dura  being 
as  a  rule  sufficient  protection. 

The  symptoms  produced  are  the  same  for  any  slowly  progressing 
pressure  on  the  cord  and  its  roots,  and  one  must  differentiate  between 
these  neoplasms  and  a  condition  of  caries  of  the  vertebrae.  First,  there 
are  the  evidences  pointing  to  disease  of  the  vertebrae  and  in  some  cases 
these  are  insignificant  or  possibly  absent  altogether,  so  that  one  is 
inclined  to  think  of  a  neuritis.  When  they  are  present  there  is  localized 
pain,  especially  on  movement  or  exaggerated  by  any  jar  of  the  body. 
The  patient  usually  holds  the  affected  part  of  the  back  stiff,  especially 
in  turning.  Localized  tenderness  on  deep  pressure  over  the  spinous 
processes  can  be  elicited.  Often  one  can  make  out  enlargement  of 
the  bone  itself,  especially  in  sarcomata.  The  involvement  of  the  nerve 
roots  makes  itself  evident  by  pain  of  a  persisting  character,  like  a  severe 
neuralgia.  Their  location  depends  naturally  on  the  site  of  the  lesion, 
but  they  are  almost  always  bilateral.  It  may  be  that  one  side  is  first 
involved  and  the  other  shortly  after.  Bilateral  sciatica  in  elderly 
people  should  make  one  think  of  carcinoma  of  the  vertebral  column. 
Sometimes  there  is  a  hyperesthesia  in  the  region  of  the  nerve  affected; 
seldom  is  a  definite  anesthesia  produced  until  the  later  stages.  Herpes 
zoster  is  frequently  seen.  Spasms  and  cramps  may  effect  the  indi- 
vidual muscles  supplied  by  the  nerves  involved,  with  later  a  definite 
paresis  or  paralysis  of  an  atrophic  character  with  the  usual  electrical 
disturbances. 

Once  the  cord  is  definitely  involved,  either  slowly  by  pressure  or 
rapidly  by  being  squeezed  in  the  sudden  gibbus  formation,  or  by  soft- 
ening due  to  the  involvement  of  its  blood  supply,  we  get  a  paraplegic 
condition  and  loss  of  sensibilitj^  below  the  level  of  the  lesion  with  dis- 
turbances of  the  bladder  and  bowel  functions.  In  some  cases  the 
involvement  of  the  cord  may  be  only  on  one  side  producing  a  more 
or  less  typical  Brown-Sequard  paralysis. 

Diagnosis. — The  diagnosis  of  a  vertebral  tumor  is,  as  a  rule,  very 
easy.  Vertebral  caries,  however,  may  lead  to  a  very  similar  picture 
and  the  points  of  differentiation  are  often  vague  and  uncertain.  Caries 
is  usually  a  disease  of  earlier  years,  but  not  always;  as  a  rule  there  is 
evidence  of  tuberculosis  elsewhere.  Carcinoma  is  usually  secondary 
to  carcinoma  in  other  parts.  In  simple  intercostal  neuralgia  the  site 
of  the  pain  is  by  no  means  so  definite,  the  pain  is  not  so  urgent,  and  it 
is  not  exaggerated  to  such  an  extent  by  movement.   From  intraverte- 
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bml  tumors  the  differentiation  may  be  made  on  considering  the  course 
of  the  disease  and  the  succession  of  the  symptoms.  In  vertebral  tumors 
one  sees  first,  at  least  in  typical  cases,  the  pain  ana  stiffness  in  the  spine, 
following  this  the  root  symptoms  appear,  and  later  still  the  evidence 
of  pressure  on  the  cord  itself.  While  in  intravertebral  tumors  the  signs 
of  pressure  on  the  cord  and  the  nerve  roots  are  the  first  symptoms  and 
only  later,  if  at  all,  is  there  any  evidence  of  tenderness  of"^  the  vertebra 
to  pressure  or  percussion,  or  any  pain  or  rigidity  on  movement.  Intra- 
vertebral tumors  practically  never  involve  the  spinal  column,  therefore 
gibbus  formation  rarely  results  from  such  a  neoplasm.  In  vertebral 
tumors  the  pains  are,  as  a  rule,  bilateral  from  the  beginning,  while  in 
meningeal  tumors,  as  we  will  see,  they  are  usually  confined  to  one 
side,  for  a  long  period  of  time  at  least. 

The  diagnosis  of  a  vertebral  tumor  having  been  made  it  is  necessary 
to  form  an  opinion  as  to  its  nature.  The  presence  of  carcinoma  else- 
where, or  the  history  of  having  had  such  a  tumor  removed,  would  be 
strong  evidence  in  favor  of  its  being  of  a  similar  nature.  The  form 
and  extent  of  a  sarcomatous  tumor  are,  as  a  rule,  easy  to  recognize; 
these  two  forms  are  by  far  the  most  commonly  met  with.  Bony  exos- 
tosis also  will  be  easily  recognized  by  the  aid  of  the  skiagraph,  besides 
which  there  will  often  be  evidence  of  the  same  condition  in  other  parts 
of  the  skeleton. 

Prognosis.  —  The  prognosis  in  vertebral  tumor  is  naturally  bad, 
especially  so  when  they  are  of  the  nature  of  carcinoma  or  sarcoma. 
Nothing  that  we  can  do  will  prevent  the  spread  of  the  disease  and 
the  progressive  involvement  of  the  tissues.  The  duration  of  the  dis- 
ease varies  and  a  fatal  termination  usually  is  due  to  some  complication 
or  as  a  direct  result  of  the  affection.  Bed-sores,  cystitis,  and  pyelitis 
usuall.y  occur,  especially  if  the  lumbar  enlargement  be  involved,  whereas 
if  the  upper  cervical  region  be  affected  respiratory  failure  may  be  the 
direct  result  of  involvement  of  the  centres.  Surgical  interference  while 
it  can  give  no  hope  of  curing  the  condition  is  often  indicated  when 
the  pain  from  pressure  on  the  nerve  roots  is  very  severe.  In  such  a 
case  it  would  be  advisable  to  cut  such  posterior  roots  as  are  involved 
in  order  to  relieve  the  pain  and  render  the  patient  less  uncomfortable. 
Morphine  in  such  cases  is  naturally  absolutely  indicated. 

Spinal  Cord  Tumors  Developing  Inside  the  Vertebral  Canal. — We 
must  now  consider  the  true  spinal  cord  tumors  developing  inside  the 
vertebral  canal — these  may  develop  in  connection  with  the  cord  itself 
or  may  spring  from  its  meningeal  coverings.  The  latter  are  the  more 
frequent  and  also  of  more  practical  interest.  They  may  be  either  intra- 
or  extradural,  the  former  are  probably  somewhat  more  common. 
They  are  usually  of  the  nature  of  a  primary  tumor,  although  occa- 
sionally metastatic  tumors  do  occur.  Not  infrequently  the  simultaneous 
development  of  similar  tumors  in  other  organs  is  observed. 

Extradural  Tumors.— Extradural  tumors  may  be  of  the  nature  of  a 
lipoma  developing  in  the  extradural  fatty  tissue,  or  again  sarcomas 
may  develop  from  the  outer  surface  of  the  dural  membrane,  or  the 
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periosteum  of  the  inner  surface  of  the  vertebr£e,  the  latter  belong  rather 
to  the  vertebral  tumors.  Ec'hinococcus  cysts  are  not  uncommon  in 
certain  localities  and  are  usually  situated  between  the  dura  and  the 
spine;  often  they  are  multiple.  Metastatic  growths,  as  carcinoma  or 
sarcoma,  occur,  but  not  frequently,  in  the  extradural  fatty  tissue. 
Teratoma  in  this  situation  are  equally  rare. 

Intradural  Tumors. — Intradural  tumors  are  still  less  frequently  of  a 
metastatic  nature.  Fibromata,  sarcomata,  endotheliomata,  and  myx- 
omata  are  all  found  and  neuromata  may  occur  on  the  nerve  roots. 
Inclusion  cyst  of  the  dermoid  variety  is  a  rare  condition,  of  which  I  have 
seen  one  example,  and  of  which  Hale  White  has  reported  a  typical  case 
{Transactions  of  the  Clinical  Society  of  London,  1900,  p.  140).  It  is 
frequently,  though  not  necessarily,  associated  with  developmental 
defects  in  the  cord  itself,  as  Harrichausen  pointed  out  (Deutsches 
Zeitschrift  fiir  Nervenheilkunde,  1909,  Band  xxxvi.  Heft  3  and  4,  p.  268). 
It  usually  affects  the  lower  part  of  the  cord  and  the  region  of  the 
Cauda  equina.  Circumscribed  tuberculomata  may  affect  the  spinal 
pia-arachnoid  and  cysticerci  may  also  develop  in  the  arachnoid  space. 
Echinococcus  cyst  may  develop  intradurally,  although  they  are  far 
more  common  extradurally. 

Such  intradural  tumors  may  spring  from  the  inner  surface  of  the 
dura,  from  the  arachnoid  tissue,  or  from  the  pia.  In  the  latter  case 
they  frequently  involve  the  cord  substance  itself,  although  the  pia 
mater  does  offer  some  protection.  These  tumors  are  generally  single, 
with  the  exception  perhaps  of  sarcomata  and  neuromata,  which  are 
often  multiple.  Melanoid  sarcoma  frequently  has  multiple  metastatic 
growths  affecting  the  pia,  both  of  the  brain  and  cord.  Usually  these 
intradural  tumors  owing  to  the  limited  space  in  which  they  develop 
are  small  and  generally  spherical  in  shape,  or  if  larger  they  develop  in 
the  longitudinal  direction  and  have  a  cylindrical  appearance.  They 
lie  usually  to  one  side  or  in  some  cases  posteriorly  and  less  frequently 
on  the  anterior  surface  of  the  cord,  between  this  and  the  bone,  in  such 
a  way  that  the  cord  becomes  compressed.  Those  in  the  region  of  the 
Cauda  equina  may  reach  a  moderately  large  size. 

Meningeal  Tumors. — Meningeal  tumors  may,  it  is  evident,  cause 
symptoms  in  three  directions:  (1)  by  involvement  of  the  bone,  (2)  by 
compression  of  the  nerve  roots,  and  (3)  by  pressure  on  the  cord.  Intra- 
dural tumors  will  certainly  be  more  likely  to  act  in  the  last  two  direc- 
tions first,  while  in  extradural  tumors  there  is  the  probability  of  its 
extending  longitudinally  between  the  membrane  and  the  bony  covering 
for  some  distance,  without  causing  anything  more  than  the  symptoms 
of  involvement  of  the  nerve  roots,  the  dura  acting  as  a  very  efficient 
protection  to  the  cord.  Of  course  as  the  tumor  extends  laterally  so  as  to 
partially  surround  the  cord,  pressure  symptoms  will  be  produced,  but 
the  course  of  least  resistance  for  its  development  will  be  longitudinal. 

In  some  cases  the  nerve  roots  may  be  severely  compressed  and 
the  cord  may  be  quite  indented,  and  yet  be  able  to  recover  its  func- 
tions if  the  pressure  be  relieved.   In  other  cases  compression  myelitis 
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sets  in  early  with  softening  and  irreparable  destruction,  due  to  the 
occlusion  of  the  blood  supply  to  the  part.  With  hard  and  rapidly 
growing  tumors  compression  myelitis  occurs  more  quickly,  as  the 
vessels  have  no  chance  to  adapt  themselves  to  the  new  conditions. 
Pial  tumors  may  not  only  compress  the  cord  but  may  in  their  growth 
break  through  the  pia  and  infiltrate  the  cord  substance  itself. 

Intramedullary  Tumors. — Tumors  of  the  spinal  cord  itself — intra- 
medullary tumors — are  in  the  majority  of  cases  of  a  gliomatous  nature. 
Sarcomata,  endotheliomata,  and  also  tubercle  are  also  found,  usually 
having  invaded  the  cord  from  the  pia.  Generally  these  intramedullary 
tumors  are  primary  and  solitary.  They  may  be  circumscribed  or 
infiltrating.  Among  the  former  we  find  sarcomata  and  tubercle;  usually 
surrounding  them  there  is  a  small  area  of  softening.  Gliomata  are 
practically  always  of  an  infiltrating  nature,  spreading  chiefly  longi- 
tudinally, often  extending  throughout  the  whole  length  of  the  cord 
and  even  into  the  medulla;  they  are  often  associated  with  cavity 
formation  and  give  rise  to  the  condition  known  as  syringomyelia,  which 
is  discussed  under  a  separate  heading.  In  rare  and  less  typical  cases 
it  forms  a  circumscribed  firm  tumor  mass  giving  rise  to  the  signs  of 
compression  of  the  cord  and  the  nerve  roots.  In  meningeal  tumor  the 
symptoms  of  root  compression  usually  precede  those  of  compression 
of  the  cord,  while  in  the  intramedullary  tumors  the  latter  appear  first, 
giving  rise  to  some  minor  peculiarities  in  the  symptomatology,  which 
will  be  discussed  later.  Intramedullary  tumors  are  not,  as  a  rule,  very 
extensive,  save,  as  in  gliomata,  in  the  long  axis  of  the  cord,  although 
they  may  cause  considerable  increase  in  size  in  the  cross-section  as 
well. 

Symptoms. — The  symptoms  produced  by  cord  tumors,  whether  extra- 
or  intramedullary,  are  in  general  very  similar;  they  are  those  of  a  more 
or  less  slow  compression  of  the  cord  and  the  nerve  roots,  as  is  seen 
also  in  vertebral  tumors  when  they  begin  to  involve  these  structures. 
The  points  of  differential  diagnosis  have  been  referred  to  already. 
The  first  signs  are  almost  always  those  of  root  irritation,  and  usually 
the  sensory  roots  suffer  first,  giving  rise  to  pain.  The  location  of  these 
pains  will  naturally  depend  on  the  site  of  the  tumor;  they  are  usually, 
in  the  early  stages,  confined  to  one  side,  but  may  later  become  bilateral. 
In  rare  cases  when  the  tumor  is  situated  on  the  dorsal  surface  of  the 
cord  the  pains  may  be  bilateral  from  the  beginning  as  in  vertebral 
tumors.  They  are  of  extreme  severity  and  obstinacy,  although  some- 
times in  the  early  stages  when  the  tumor  affects  the  dorsal  cord  there 
may  be  free  intervals  while  the  tumor,  having  destroyed  one  nerve 
root,  is  extending  to  involve  the  next.  The  pains  are  usually  of  a 
neuralgic,  lancinating  character,  confined  to  the  area  of  distribution 
of  the  afi'ected  roots.  In  meningeal  tumors  the  signs  of  involvement 
of  the  motor  roots  appear  after  those  due  to  involvement  of  sensory 
roots,  both  in  time  and  intensity.  The  motor  nerve  involvement  is 
evidenced  by  cramps  in  individual  muscles  with  paresis  and  atrophy 
and  disturbances  in  the  electrical  reactions.   In  the  early  stages  these, 
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too,  are  usually  uuilatcral.  Owing  to  the  overlapping  of  the  various 
nerve  roots  in  their  distribution  to  the  skin,  the  involvement  of  a  single 
one  never  causes  any  appreciable  loss  of  sensibility.  In  the  same  way 
a  single  motor  root  can  be  destroyed  without  a  complete  paralysis 
of  any  individual  muscles.  With  a  tumor  lying  intradurally  w^here  it 
may  involve  many  nerve  roots  before  causing  actual  cord  compression, 
we  may  get  corresponding  areas  of  loss  of  sensibility  and  atrophic 
paralysis  of  the  muscles  supplied  by  the  affected  roots,  with  the  char- 
acteristic changes  in  their  electrical  excitability. 

When  the  cord  itself  is  affected  there  results  widespread  paralysis, 
both  motor  and  sensory.  If  the  tumor  be  laterally  situated  we  get 
the  characteristic  symptoms  of  a  Brown-Sequard  paralysis  with  motor 
paralysis  of  a  spastic  nature  below  the  level  of  the  lesion  on  the  same 
side  due  to  the  involvement  of  the  pyramidal  tracts,  and  also  we  wdll 
find  a  loss  of  sense  of  position  in  the  muscles,  more  or  less  marked,  in 
this  paralyzed  limb,  due  to  the  posterior  columns  being  affected.  On 
the  opposite  side  below  the  level  of  the  lesion  there  will  be  found  an 
impairment  or  loss  of  sensibility  to  pain,  heat,  and  cold,  due  to  the 
involvement  of  those  fibers  in  the  anterolateral  tract  after  they  have 
crossed  over.  At  the  level  of  the  lesion  there  may  be  signs  of  involve- 
ment of  the  motor  and  sensory  nerve  roots  with  the  atrophic  paralysis 
of  the  muscles  supplied  and  the  loss  of  sensibility  in  the  distribution 
of  the  nerve  roots  affected.  Naturally  this  will  be  seen  on  the  side  of 
the  tumor.  Later  as  the  tumor  progresses  the  other  side  is  involved 
and  we  get  a  complete  paraplegia  below  the  site  of  the  lesion.  With 
pressure  on  the  nerve  roots,  the  sensory  roots  first  show  the  evidences 
of  the  compression;  but  with  pressure  on  the  cord,  the  motor  involve- 
ment is  as  a  rule  more  noticeable  in  the  early  stages.  With  the  complete 
paraplegia  there  is  usually  retention  of  urine  and  obstinate  constipation. 
Decubitus  forms  over  the  sacrum,  purulent  cystitis  and  pyelitis  by 
extension  follow,  then  paralysis  of  the  bladder,  and  death  is  caused 
by  some  such  complication. 

If  the  implication  of  the  cord  goes  on  to  a  complete  and  total  lesion, 
and  this  may  come  on  gradually  and  slowly  as  the  result  of  increasing 
pressure,  or  rapidly  and  suddenly  as  the  result  of  local  edema  or  soft- 
ening of  the  cord  due  to  the  vascular  involvement,  the  picture  changes. 
The  muscles  which  before  were  spastic  now  become  flaccid  and  the 
tendon-jerks,  formerly  exaggerated,  now  disappear.  This  is  not  i)eculiar 
to  tumors  but  follows  any  complete  section  of  the  cord. 

It  is  only  necessary  to  take  up  now  in  some  detail  the  differentiation 
of  tumors  involving  the  lower  segments  of  the  cord  and  the  conus 
terminalis  and  those  involving  the  corresponding  nerve  roots  in  the 
Cauda  equina.  In  the  case  of  a  tumor  of  the  conus  the  development 
of  the  symptoms  is  more  rapid  and  there  is  comparatively  little  pain 
of  an  irritative  sensory  root  nature,  while  in  the  case  of  a  tumor  involv- 
ing the  Cauda  the  onset  is  very  slow  and  associated  with  intense  pain 
radiating  along  the  course  of  the  sciatic  nerves  and  in  the  region  of 
the  bladder.   Loss  of  sensibility  in  the  affected  parts  appears  early  in 
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the  course  of  tumor  of  the  conus,  and  is  often  in  the  form  of  a  dis- 
sociated anesthesia,  while  in  a  caudal  tumor  it  occurs  late  in  the 
disease  and  is  then  usually  complete. 

Symptoms  of  motor  paralysis  orginate  early  and  atrophy  with  the 
reaction  of  degeneration  rapidly  follows  in  a  tumor  of  the  conus,  while 
in  the  caudal  lesion  motor  paralysis  comes  on  more  slowly,  and  atrophy 
and  electrical  changes  may  not  appear  for  a  still  longer  time.  In  tumors 
of  the  conus  the  motor  paralysis  preponderates,  while  in  those  of  the 
Cauda  the  symptoms  of  the  irritation  .of  the  sensory  roots  are  the  most 
striking.  In  the  former,  again,  the  bladder  and  rectum  are  paralyzed 
early,  while  in  the  latter  this  disturbance  may  be  practically  absent 
until  the  very  latest  stages. 

Diagnosis. — The  diagnosis  of  a  tumor  of  the  spinal  cord  is  then  based 
not  only  on  the  grouping  of  the  symptoms  but  on  their  successive 
character.  In  the  typical  case  we  see  first  the  gradual  involvement  of 
a  nerve  root  on  one  side,  then  with  the  further  growth  the  cord  is 
compressed  first  on  one  side  and  later  bilaterally.  Pachymeningitis 
cervicalis  hypertrophica  may  give  rise  to  symptoms  which  might  easily 
be  mistaken  for  a  tumor  growth,  but  it  always  affects  both  sides  of 
the  cord  simultaneously  and  very  extensively,  giving  rise  to  a  wide- 
spread bilateral  atrophic  muscular  paralysis  of  the  arms,  with  a  corre- 
spondingly widespread  impairment  of  sensibility,  due  to  the  extensive 
nerve  root  involvement,  before  there  are  any  signs  of  actual  cord 
compression.    (Plate  XLVI.) 

Having  made  a  diagnosis  of  tumor  of  the  cord  it  is  essential  to  localize 
its  level  in  the  cord,  in  other  words,  what  segments  are  involved. 
By  referring  to  the  tables  showing  both  the  motor  and  sensory  seg- 
mental distribution,  the  upper  level  of  the  lesion  can  be  localized  with 
certainty.  It  is  then  necessary  to  study  the  relation  of  the  segments 
and  nerve  roots  to  the  spines  of  the  vertebrae,  at  their  exit  from  the 
cord  in  order  to  be  able  to  say  with  accuracy  just  where  the  tumor  is. 

Treatment. — In  tumors  of  a  syphilitic  nature  only  is  medication  of 
any  value.  Surgical  interference  is  the  only  hope  in  all  other  forms. 
The  success  of  such  treatment  will  vary  considerably  with  the  site  of 
the  tumor — as  has  been  already  said  vertebral  tumors  do  not  oflPer 
much  hope  for  permanent  good  results.  Intramedullary  growths,  from 
their  situation,  cannot  be  removed  without  causing  too  great  a  des- 
truction of  the  cord  tissue;  meningeal  tumors,  however,  and  these  are 
the  most  common,  hold  out  a  good  prospect  of  successful  removal, 
and,  when  surgical  interference  has  not  been  postponed  too  long,  of 
complete  recovery.  As  has  been  mentioned  before,  surgical  interference 
is  often  indicated  in  cases,  in  order  to  relieve  by  section  of  the  sensory 
roots,  the  excruciating  pain  due  to  their  irritation,  even  when  there 
is  no  chance  of  attempting  to  remove  the  tumor  growth.  Pressure  on 
the  cord  having  been  diagnosticated,  when  efficient  surgical  aid  can 
be  obtained,  it  is  as  much  the  duty  of  the  physician  to  advise 
surgical  intervention  as  it  would  be  if  he  diagnosticated  obstruction 
of  the  bowel. 
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SPINAL  CARIES 

Spinal  caries,  or  Pott's  disease,  was  first  described  by  Percival  Pott 
in  1779,  who  called  attention  not  only  to  the  spinal  disease  but  to  the 
cord  symptoms  as  well,  believing  them  to  be  due  to  the  direct  pressure 
on  the  cord  by  the  displaced  bones.  Since  then  great  advances  have 
been  made  not  only  in  the  study  of  the  disease  in  the  vertebrae  but 
also  in  the  pathogenesis  of  the  cord  affection  and  at  the  same  time  in 
the  treatment  of  the  disease. 

Etiology. — Tuberculosis  of  the  spine  is  almost  always  secondary  to 
a  tuberculosis  in  other  organs,  most  frequently  in  the  lungs,  but  occa- 
sionally in  the  lymph  glands.  In  a  few  cases,  especially  in  adult  life, 
it  is  apparently  the  primary  focus.  Injury  to  the  spinal  column  fre- 
quently appears  to  be  of  some  importance  as  an  indirect  agent,  prob- 
ably by  creating  a  focus  of  lowered  resistance.  In  such  cases  there  is 
usually  a  history  of  a  more  or  less  long  interval  between  the  time  of 
injury  and  the  onset  of  the  symptoms,  but  one  realizes  that  the  disease 
in  the  bone  is  often  very  slow  in  developing.  It  is  possible  that  the  dis- 
ease may  be  already  present  in  the  bone  in  some  cases  so  that  a  com- 
paratively slight  injury  will  produce  a  breaking  down  of  the  diseased 
vertebrae  with  signs  of  pressure  on  the  cord.  In  the  majority  of  cases 
spinal  caries  develops  without  any  apparent  exciting  cause. 

The  disease  may  affect  individuals  of  any  age.  Gowers  states  that 
he  has  found  it  more  frequent  in  childhood  after  the  age  of  three,  and 
next  in  early  adult  life,  and  this  has  been  my  own  experience.  Finkler, 
however,  found  that  50  per  cent,  of  his  20  cases  were  over  fifty  years 
of  age.  Vertebral  tumors,  carcinoma,  and  osteosarcoma,  and  syphilitic 
disease  of  the  vertebrae,  may  also  cause  a  breaking  down  of  the  bodies 
and  gibbus  formation  with  compression  of  the  cord,  and  these  are 
considered  under  their  separate  headings. 

Pathological  Anatomy. — The  disease  begins  usually  in  the  body  of 
the  vertebra,  less  frequently  in  the  intravertebral  disks  or  joints,  and 
still  more  rarely  in  the  laminae.  One  vertebra  alone  may  be  affected 
or  several  may  be  involved.  According  to  Van  Key's  statistics  from 
114  cases  the  lumbar  region  was  more  frequently  affected  and  especially 
the  third  lumbar  vertebra.  The  middle  dorsal  region  is  the  next  in 
frequency  and  the  cervical  region  still  less  frequently  involved.  Com- 
pression of  the  cord  follows  disease  of  the  dorsal  vertebrae  more  often 
than  when  the  cervical  or  lumbar  regions  are  affected. 

The  disease  begins  as  a  tuberculous  osteomyelitis  or  periostitis  of 
the  vertebral  body,  or  more  rarely  in  the  intervertebral  disks  and  may 
spread  with  more  or  less  rapidity  to  the  neighboring  vertebrae  or  may 
remain  confined  to  one.  With  the  progress  of  the  disease  there  is  a 
breaking  down  of  the  affected  bone,  it  may  be  involving  several  ver- 
tebrae, so  that  owing  to  the  body  weight  they  gradually  collapse,  and 
as  the  arches  are  seldom  affected,  there  is  the  slow  formation  of  an 
angular  deformity  or  "gibbus"  of  the  spine,  with  possibly  pressure  on 
the  cord  with  the  kinking  of  the  canal. 
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Compression  of  the  cord  is  especially  likely  to  occur  if  this  gibbus 
formation  occurs  suddenly  as  a  result  of  injury  with  breaking  up  and 
dislocation  of  the  diseased  bone.  It  may  occur  also  as  a  result  of  an 
extension  of  the  tuberculous  process  into  the  extradural  fatty  tissue; 
or  again  it  may  result  from  the  formation  of  an  abscess  on  the  inner 
surface  of  the  vertebrae  between  them  and  the  cord.  The  most  common 
cause  of  compression  of  the  cord  is  the  extension  of  the  tuberculous 
process  into  the  epidural  tissue;  it  follows  when  the  periosteum  of  the 
vertebrae  has  become  affected,  and  the  long  posterior  ligament  destroyed, 
so  that  the  bacilli  have  direct  access  to  the  loose  fatty  tissue.  Granula- 
tion tissue  rich  in  vessels  forms  at  the  site  of  invasion  with,  very  often, 
numerous  small  tuberculous  nodules.  The  fatty  tissue  disappears  and 
the  vessel  walls  show  a  tuberculous  endarteritis  which  may  go  on  to 
thrombosis.  Caseation  results  sooner  or  later  depending  on  the  richness 
of  the  blood  supply.  It  appears  as  a  rule  first  in  that  part  next  the 
vertebral  bodies  while  on  the  dural  surface,  and  the  upper  and  lower 
extremity  of  the  mass,  fresh  tuberculous  nodules  may  still  be  present. 
The  dura,  as  a  rule,  forms  a  very  efficient  protection  against  the  further 
invasion  of  the  bacillus,  and  while  its  superficial  layers  may  become 
affected  it  is  very  rarely  penetrated.  The  growth  may  become  quite 
extensive  extradurally,  both  in  its  long  diameter,  especially  when 
several  vertebrae  are  affected,  and  also  in  thickness  so  as  to  cause 
compression  of  the  cord. 

Compression  occurs,  too,  as  a  result  of  abscess  formation.  It  may 
happen  that  an  abscess  in  the  vertebral  body  breaks  through  the  peri- 
osteum and  the  long  posterior  ligament  and  disrupts  into  the  spinal 
canal.  It  may  later  be  absorbed,  at  least  partially,  or  become  caseated 
in  part,  and  the  remnant  of  it  may  stay  for  years,  if  the  patient  has 
not  already  succumbed  to  the  complications  of  a  paraplegia.  The  slow 
formation  of  an  angular  curvature  may  occur  without  any  disturbance 
of  the  cord.  The  more  rapid  the  formation  of  the  gibbus  the  more  likely 
is  there  to  result  signs  of  cord  compression. 

The  dura  reacts  in  the  same  manner  as  does  the  pleura  in  the  face 
of  a  tuberculous  lesion.  It  becomes  thickened  by  the  formation  of 
new  layers  of  fibrous  tissue  on  its  inner  or  medullary  surface  with  the 
formation  also  of  new  vessels.  Hyaline  changes  are  usually  found  in 
the  vessel  walls  and  frequently  there  is  found  numerous  psammoma 
bodies.  Adhesions  form  between  the  dura  and  the  pia-arachnoid 
matting  them  together  into  one.  Schmaus  describes  a  tuberculous 
endarteritis  in  such  cases  and  attributes  the  cord  changes  to  a  localized 
edema  from  obstruction  in  the  veins  or  lymph  passages.  In  this  way 
the  variations  in  the  paraplegia,  and  ultimate  complete  recovery  in 
many  cases  after  a  long  period,  are  accounted  for.  In  some  cases, 
owing  to  compression,  a  condition  of  ischemia  results  with  consequent 
softening  of  the  cord. 

The  changes  in  the  cord  itself  are  chiefly  in  the  white  substance;  the 
axis-cylinders  are  swollen  and  the  myelin  sheaths  dilated  and  thinned. 
Or  in  more  advanced  cases  the  nerve  fibers  and  cells  may  be  broken 
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down  and  degenerated  and  then  numerous  spaces  are  left  in  the 
neurogha  when  the  axis-cylinders  have  disappeared,  large,  granular 
cells  may  be  found  in  recent  acute  cases.  In  older  chronic  ones  one 
gets  more  or  less  well-marked  ascending  and  descending  degeneration 
secondary  to  the  lesion. 

Descending  degeneration  will  be  found  below  the  site  of  the  lesion, 
wherever  it  may  happen  to  be,  in  the  crossed  pyramidal  tract  as  far 
as  the  upper  sacral  segments,  and  in  the  direct  pyramidal  tract  to 
the  beginning  of  the  lumbar  enlargement.  And  also  in  the  ventral 
part  of  the  posterior  columns,  a  small  tract  which  may  be  followed  a 
short  distance  below  the  site  of  the  injury.  Degeneration  of  certain 
descending  paths  in  the  anteromedian  region  of  the  cord  also  occur. 

Ascending  degeneration  above  the  site  of  the  lesion  will  also  be 
found  in  the  posterior  columns,  in  the  direct  cerebellar  tracts,  and 
both  ascending  and  descending  fibers  will  be  found  in  the  anterolateral 
or  Gowers'  tracts. 

Symptomatology. — The  first  symptom  pointing  to  the  vertebral  dis- 
ease is  usually  a  dull  pain  in  the  affected  part,  which  is  exaggerated 
by  movement,  especially  by  stooping  over.  It  may  not  always  be 
present,  and  especially  in  children  is  apt  to  be  absent  even  in  the 
presence  of  extensive  vertebral  disease.  In  other  cases  the  pain  is 
not  definite^  localized  but  appears  to  be  general  in  the  spinal  column. 
There  is  usually  associated  with  this  pain  more  or  less  rigidity  of  the 
back  which  may  often  be  noticed  when  the  patient  raises  himself  in 
the  bed  or  attempts  to  lie  down  again.  Localized  tenderness  on  pres- 
sure over  the  spinous  processes  may  very  often  be  elicited,  although 
in  some  cases  it  fails.  . 

In  other  cases  the  nerve  roots  are  involved  early  and  the  first  symp- 
toms are  those  of  root  pain,  due  to  irritation  of  the  sensory  nerves. 
These  pains  are  often  of  a  very  severe  stabbing  character  in  the  area 
of  distribution  of  the  affected  roots;  usually  they  are  bilateral  and  it 
is  not  uncommon  to  get  herpetic  eruption  following  such  irritation 
of  the  posterior  ganglia.  Paresthesiae  in  the  affected  extremities  are 
commonly  among  the  early  symptoms  complained  of,  a  feeling  of 
numbness  or  frequently  of  formication;  there  may  also  be  a  subjective 
feeling  of  coldness,  though  objectively  the  parts  feel  normally  w^arm. 

These  root  symptoms  may  be  entirely  absent  in  some  cases,  even 
when  the  vertebral  disease  is  quite  widespread,  and  the  first  symptoms 
may  be  those  of  compression  of  the  cord.  There  then  follows  dis- 
turbances in  the  innervation  of  the  voluntary  muscles,  at  first  merely 
a  feeling  of  heaviness  in  the  legs;  they  tire  more  easily  and  the  move- 
ments are  slower  and  more  uncertain.  The  rapidity  of  the  progress 
of  the  disease  varies  considerably,  but  sooner  or  later,  if  neglected, 
the  weakness  of  the  legs  becomes  more  marked  until  a  definite  para- 
plegia develops  with  increase  in  tone,  increased  knee-jerks,  and  all 
the  signs  of  a  lesion  of  the  pyramidal  tracts,  with  disturbances  of 
function  of  both  bladder  and  bowels.  Spasmodic  twitchings  and  cramps 
in  the  legs  may  be  very  troublesome.    The  motor  paralysis  is,  as  a 
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rule,  more  evident,  especially  in  the  early  stages,  than  is  the  sensory 
impairment.  This  may  vary  considerably  and  almost  any  degree  of 
impairment  may  be  found  below  the  level  of  the  lesion.  Owing  to 
the  retention  of  urine  cystitis  develops  readily  and  pyelitis  is  apt 
to  follow;  bed-sores,  too,  have  to  be  guarded  against,  and  death  may 
follow  from  pyemia  or  some  intercurrent  complication,  or  from  the 
lighting  up  of  the  primary  focus  in  the  lungs  or  elsewhere. 

Under  proper  conditions,  however,  improvement  and  even  recovery 
may  take  place  even  after  the  evidences  of  cord  involvement  are  well 
marked.  The  improvement  in  the  symptoms  will  be  observed  to 
follow  inversely  the  order  of  their  appearance — disturbances  of  sensa- 
tion usually  clear  up  first  and  later  the  paralysis.  The  improvement 
may  of  course  come  to  a  halt  at  any  stage,  depending  on  the  severity 
of  the  cord  involvement.  The  most  necessary  requisite  for  a  permanent 
improvement,  is  the  cure  of  the  disease  in  the  vertebrae,  without  such, 
any  improvement  can  of  course  be  only  temporary. 

The  symptoms  will  vary  somewhat  according  to  the  site  of  the  lesion. 
If  the  dorsal  cord  be  affected,  as  is  most  commonly  the  case,  there  will 
be  paralysis  from  the  waist  down,  with  spasticity  and  increased  tendon- 
jerks,  and  the  plantar  response  will  be  of  the  extensor  type.  The  abdomi- 
nal and  epigastric  reflexes  will  be  lost  below  the  level  supplied  by  the 
affected  segments  of  the  cord,  but  may  be  obtained  above  this.  There 
may  be  difficulty  in  starting  micturition,  or  indeed  complete  retention 
of  urine  with  incontinence  of  overflow.  The  more  rapid  the  onset  of 
the  paraplegia  the  more  likely  is  there  to  be  this  involvement  of  the 
sphincters.  The  bowels  are  usually  obstinately  constipated.  In  mild 
cases  there  may  be  little  or  no  impairment  of  sensation  below  the 
level  of  the  lesion. 

When  the  cervical  enlargement  is  aflPected  there  will  be  involvement 
of  the  arms  as  well ;  they  will  show  as  atrophic  flaccid  paralysis  due,  as 
a  rule,  to  pressure  on  the  nerve  roots,  and  a  loss  of  sensation  will  be 
found  on  their  inner  surfaces  corresponding  to  the  nerve  roots  involved. 
On  the  trunk  the  sensory  loss  when  present  will  extend  to  the  second 
costal  cartilage.  The  lower  extremities  will  be  in  a  condition  of  spastic 
paraplegia. 

When  the  upper  cervical  region  is  affected  the  neck  muscles  will 
be  paralyzed,  and  the  patient  will  have  difficulty  in  raising  his  head. 
The  diaphragm  and  intercostals  may  all  be  paralyzed  and  the  patient 
may  have  to  depend  on  the  accessory  muscles  for  respiration.  The 
arms  and  legs  will  then  be  in  a  state  of  spastic  paralysis.  When  the 
lesion  is  high  up  the  hypoglossal  nerve  and  the  muscular  branch  of 
the  accessory  are  often  affected.  Retropharyngeal  abscess  may  some- 
times be  made  out  in  such  cases.  Disease  affecting  the  lumbar  enlarge- 
ment will  give  rise  to  a  flaccid  atrophic  paralysis  of  the  lower  extremities 
with  loss  of  reflexes  and  incontinence  of  urine  and  feces. 

Diagnosis— When  the  spinal  deformity  is  well  developed,  before 
the  onset  of  the  cord  symptoms,  there  is,  as  a  rule,  no  difficulty  in  the 
diagnosis.    In  rare  cases  the  cord  symptoms  appear  first,  and  in  these 
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the  diagnosis  may  be  obscure  for  some  time.  Repeated  examination 
of  the  spine  will  usually  clear  up  the  doubt  before  long  by  finding  the 
vertebral  tenderness  and  slight  irregularity  of  the  spinous  processes. 
When  the  disease  affects  the  cervical  cord  it  may  simulate  pachymen- 
ingitis cervicalis  hypertrophica,  but  will  be  differentiated  by  the  pres- 
ence of  the  disease  in  the  bone  and  in  the  less  extensive  involvement 
of  the  nerve  roots.  Amyotrophic  lateral  sclerosis  will  be  distinguished 
by  the  bony  tenderness  and  by  the  sensory  impairment.  The  a:-rays 
will  often  assist  materially  in  clearing  up  the  diagnosis  in  these  cases. 

In  children  disease  of  the  spine  is  practically  always  tuberculous, 
but  in  elderly  people  metastatic  malignant  tumors  sometimes  affect 
the  vertebrae.  In  these  cases  there  will  be  the  evidence  of  the  primary 
growth  to  throw  light  on  the  condition.  According  to  Gowers  the 
root  pains  in  malignant  disease  of  the  vertebrae  reach  a  degree  of 
severity  seldom  seen  in  caries,  but  this  is  only  a  relative  distinction 
and  in  my  experience  the  pains  are  often  very  severe  in  caries. 

Prognosis. — Varies  with  the  age  of  the  patient;  among  other  things, 
being  much  more  favorable  in  young  people  than  in  those  advanced 
in  life.  Even  when  paraplegia  is  complete  a  marked  improvement  and 
even  recovery  is  by  no  means  uncommon  under  suitable  conditions. 
The  site  of  the  disease  will  also  influence  the  prognosis,  it  being  worse 
when  the  lumbar  region  is  involved  with  paralysis  of  bladder  and  bowels, 
and  the  strong  tendency  to  trophic  disturbances  than  when  the  lesion 
is  above  this  level.  When  the  disease  involves  the  upper  cervical  cord 
and  the  centres  for  the  diaphragm  the  danger,  of  course,  is  materially 
increased.  Apart  from  these  points  one  may  be  guided  to  some  extent 
also  by  the  degree  of  sensory  impairment  present.  When  this  is  slight 
it  shows  that  the  involvement  of  the  cord  has  not  reached  a  severe 
grade,  but  even  when  the  sensory  impairment  is  complete  recovery  is 
not  always  out  of  the  question.  When  the  paralysis  of  the  legs  is  of 
the  spastic  type  and  the  tendon  jerks  are  increased,  the  prognosis  is 
better  than  when  the  paralysis  has  become  flaccid  and  the  reflexes 
have  disappeared.  The  signs  of  tubercular  disease  elsewhere  must  be 
taken  into  account  in  giving  a  prognosis,  and  the  powers  of  resistance 
of  the  individual  to  the  infection  should  be  calculated. 

Treatment. — The  first  essential  in  the  treatment  of  these  cases  is 
rest  to  the  diseased  parts.  We  must  strive  primarily  to  cure  the  dis- 
eased vertebrae,  for  without  this  being  accomplished  any  improvement 
will  be  merely  temporary.  Immobility  of  the  affected  spine  is  the 
first  object  to  be  aimed  at.  In  young  people  and  children  this  can  be 
best  accomplished  by  a  plaster  mould  fitted  to  the  back  and  extending 
from  the  head  to  the  upper  part  of  the  buttocks.  This  should  be  lined 
with  absorbent  cotton  to  render  it  perfectly  comfortable.  The  child 
can  be  held  in  this  by  straps,  and  in  this  way  can  be  carried  about, 
always  in  the  recumbent  position,  and  moved  into  the  open  air  when- 
ever advisable.  The  necessities  of  nature  can  be  attended  to  without 
any  soiling  of  the  bedclothes,  or  if  such  occurs,  cleanliness,  so  neces- 
sary to  prevent  bed-sores,  can  be  obtained  without  disturbing  the  back. 
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Graduated  pressure  can  be  exerted  on  the  spinal  kyphosis,  when  this 
is  advisable,  by  filling  in  the  depression  in  the  plaster  mould. 

In  older  patients  rest  in  the  recumbent  position  i:,  just  as  necessary 
and  may  be  combined  with  some  form  of  extension.  When  the  cervical 
spine  is  affected,  extension  may  be  applied  by  a  weight  hung  over  the 
head  of  the  bed  on  a  pulley  and  attached  by  a  strap  to  the  patient's 
head ;  the  head  of  the  bed  may  be  raised  so  that  the  w^eight  of  the  body 
acts  as  a  counterextension.  In  lumbar  caries  the  weight  may  be 
attached  to  the  feet  and  the  foot  of  the  bed  raised  similarly.  In  dorsal 
disease  extension  may  be  applied  both  to  the  head  and  the  feet. 

The  second  requisite  is  to  build  up  the  general  health  of  the  patient, 
first  by  means  of  a  full  nutritious  diet,  including  plenty  of  eggs  and 
milk;  cod-liver  oil  has  for  a  long  time  enjoyed  a  well-earned  reputation 
in  such  cases;  iron  tonics  of  various  kinds  may  also  be  indicated;  and 
secondly,  by  keeping  the  patient  in  the  open  air  and  sunlight  as  much 
as  possible.  Counterirritation  to  the  spine  opposite  the  diseased  region, 
once  so  commonly  used,  is  no  longer  considered  either  indicated  or 
useful.  After  a  prolonged  rest  in  the  recumbent  posture,  if  the  vertebral 
disease  seems  quiescent  a  plaster  jacket  may  be  applied  in  such  a  way 
as  to  support  the  body  weight  on  the  crests  of  the  iliac  boneS;  and  also 
to  retain  the  immobility  of  the  spine.  Or  if  the  cervical  spine  has  been 
affected  some  sort  of  jury-mast  or  support  under  the  chin  and  occiput 
should  be  arranged  to  carry  the  weight  of  the  head,  and  the  patient 
may  then  gradually  be  allowed  up. 

Should  there  be  a  tendency  to  contractures  in  the  muscles  of  the 
extremities,  massage  and  passive  movements  properly  carried  out  will 
prevent  these.  Forcible  passive  movements  should  not  be  resorted  to 
while  the  vertebral  disease  is  still  active,  at  least  without  great  care 
being  exercised  to  prevent  any  disturbance  of  the  spine.  Tenotomy 
is  seldom  necessary  to  overcome  the  contractures  but  may  be  resorted 
to  in  suitable  cases.  In  some  cases  laminectomy  and  removal  of  dis- 
eased tissue  has  been  of  service  but  should  never  be  resorted  to  before 
an  attempt  has  been  made  to  bring  relief  by  rest.  It  would,  however, 
be  advisable,  when  rest  has  been  given  a  thorough  trial  and  proved 
unsuccessful,  or  in  cases  where  the  compression  of  the  cord  is  becoming 
steadily  worse  under  the  rest  treatment,  and  should  there  be  danger 
of  a  permanent  paraplegia  setting  in,  unless,  of  course,  there  was  severe 
or  advancing  tuberculosis  in  other  organs. 

CAISSON  DISEASE 

Caisson  disease  or  diver's  palsy  is  a  disease  that  occurs  in  men  who 
have  been  exposed  to  great  atmospheric  pressure  when  they  come  too 
quickly  under  normal  atmospheric  conditions.  It  is  usually  seen  in 
divers  or  men  working  in  caissons  at  some  depth,  usually  a  depth  of 
25  to  30  meters  under  the  water,  where  they  are  exposed  to  an  atmos- 
pheric pressure  of  three  to  four  times  the  normal.  The  symptoms 
never  come  on  while  the  individual  is  exposed  to  the  greater  pressure 
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but  only  when  he  comes  under  the  normal  atmospheric  conditions  too 
rapidly  after  such  exposure.  Ilapid  decompression  is  the  chief  cause  of 
the  accident;  hunger  and  exhaustion  appear  to  be  accessory  etiological 
factors  in  some  cases. 

Symptoms. — The  symptoms  may  be  cerebral  or  spinal — and  their 
severity  depends  to  some  extent  on  the  degree  of  variation  in  the 
pressure  to  which  the  individual  has  been  exposed.  They  are  more 
apt  to  occur  in  individuals  who  are  new  to  the  work  than  in  those 
who  have  become  accustomed  to  it. 

The  cerebral  symptoms  are,  as  a  rule,  slight  and  transient;  they  con- 
sist of  a  bursting  feeling  in  the  head,  dizziness,  ringing  in  the  ears,  and 
nausea.  The  spinal  symptoms  may  be  more  serious.  Usually  there 
is  a  period  of  from  five  to  fifteen  minutes  after  the  diver  leaves  the 
water  before  any  symptoms  appear.  In  some  cases  paralysis  is  pre- 
ceded by  loss  of  consciousness,  of  variable  duration;  in  other  cases 
vertigo,  severe  pains  in  the  limbs  and  back  and  tingling  were  observed 
before  paralysis  developed. 

Paraplegia,  temporary  or  permanent,  is  the  commonest  form  of 
paralysis.  In  severe  cases  there  is  often  at  the  onset  paralysis  of  the 
arms  as  well,  but  this  may  rapidly  disappear,  leaving  a  permanent 
paraplegia  with  sensory  impairment  and  bladder  disturbances.  The 
paralysis  of  the  lesser  depths,  that  is,  from  25  to  30  meters,  is  usually 
transitory,  but  in  men  working  at  the  greater  depths,  that  is  from  40 
to  65  meters,  the  paralysis  is  often  permanent  and  not  infrequently 
death  occurs  either  suddenly  on  their  exit  from  the  water,  or  coma  sets 
in  and  death  follows  in  some  hours.  Boinet  believes  hemorrhages  into 
the  cord  to  be  the  cause  of  the  serious  symptoms  of  this  disease  and 
claims  to  have  verified  this  by  autopsies  on  human  beings  and  by  experi- 
ments. The  lesions  aflFect  the  whole  of  the  spinal  system  with  the 
exception  of  the  anterior  horns  and  do  not  pass  above  the  level  of  the 
second  dorsal  segment.  Hemorrhages  into  the  spinal  meninges  occur 
also.  Zografidi  described  actual  small  aneurysmal  dilatations  of  the 
vessels  of  the  cord  as  well.  It  is  believed  that  the  hemorrhages  into 
the  spinal  cord  are  produced  in  two  ways:  (1)  the  bubble  of  gas  liberated 
from  the  blood  by  too  rapid  decompression,  actually  causes  rupture  of 
the  capillaries  in  the  substance  of  the  cord;  (2)  hemorrhagic  infarction 
following  occlusion  of  a  vessel  of  the  cord  by  bubbles  of  gas  is  thought 
to  occur.  According  to  Paul  Bert  nitrogen  is  dissolved  in  the  blood 
in  increased  quantity  at  high  pressure,  according  to  Dalton's  law,  and 
is  liberated  in  the  form  of  bubbles  during  decompression. 

Treatment. — The  air  embolism  theory  finds  support  from  the  good 
results  of  slow  decompression  and  from  the  therapeutic  action  of  recom- 
pression followed  by  slow  decompression  in  cases  of  illness.  Slowness 
of  decompression  is  the  true  prophylaxis.  In  caissons  the  time  given 
for  coming  out  should  be  at  least  three  minutes  per  atmosphere.  In  the 
case  of  divers  this  is  scarcely  possible,  but  the  use  of  more  rigid  diving 
suits  and  allowing  at  least  one  minute  per  atmosphere  for  decompres- 
sion would  prevent  most  accidents  due  to  compressed  air, 
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DISEASES  OF  THE  OPTIC  TPIALAMUS,  MIDBRAIN,  AND 
CEREBELLUM,  AND  THEIR  TREATMENT 

By  GORDON  HOLMES,  M.D.,  M.R.C.P. 

OPTIC  THALAMUS 

Those  large  masses  of  gray  matter  which  constitute  the  basal 
gangha  of  the  brain  have  received  little  attention  from  clinicians,  and 
until  the  publication  of  Dejerine  and  Roussy's  paper  in  1903,  and  the 
further  elaboration  of  the  subject  by  Roussy  in  his  monograph  of 
1907,  little  or  nothing  was  known  of  the  symptoms  which  result  from 
disease  of  the  optic  thalamus. 

Anatomists  had  long  recognized  that  the  thalamus  is  a  large  relay 
station  in  the  course  of  the  sensory  path,  as  all  fibers  which  pass 
cerebralward  from  the  brain-stem  terminate  in  it  and  there  transfer 
the  impulses  they  carry,  probably  as  Monakow  suggests  through  inter- 
calated cells  (Schaltzellen) ,  to  the  thalamocortical  neurones ;  but  clinical 
observers  had  on  the  whole  attached  little  importance  to  destructive 
lesions  of  the  thalamus  as  a  cause  of  sensory  disturbance.  Charcot, 
for  instance,  insisted  that  the  hemianesthesia  often  found  with  lesions 
in  its  neighborhood  was  due  only  to  involvement  of  the  posterior  limb 
of  the  internal  capsule,  and  even  Nothnagel  in  1885  held  that  there 
were  not  sufficient  facts  to  connect  any  form  of  sensory  disturbances 
with  thalamic  lesions.  Similarly,  there  was  much  dispute  in  the  early 
days  of  modern  neurology  as  to  whether  lesions  of  the  thalamus  pro- 
duce paralysis,  and  though  Broadbent,  Meynert,  and  Gowers  pointed 
out  the  association  of  hemiathetosis,  hemichorea,  and  other  involun- 
tary movements  with  lesions  of  it,  any  causal  relationship  between 
them  was  vigorously  denied  by  others,  especially  by  Charcot  and  his 
school.  Reflex,  vasomotor,  and  sphincter  disturbances  have  been  also 
described  as  symptoms  of  thalamic  lesions,  but  not  with  sufficient 
support  to  receive  general  recognition. 

It  is  almost  wholly  to  Dejerine  and  his  pupils  that  we  owe  the  knowl- 
edge of  the  clinical  symptoms  of  thalamic  disease  that  we  now  possess, 
and  especially  to  Roussy,  who  defined  the  "syndrome  thalamique" 
with  remarkable  completeness  and  accuracy  in  his  thesis,  and  supported 
his  clinical  observations  and  deductions  from  experiments  on  animals. 

Thalamic  Syndrome. — According  to  Roussy  the  "syndrome  thal- 
amique" is  characterized  by  hemianesthesia,  and  especially  loss  of 
deep  sensibility,  with  persistent,  paroxysmal  spontaneous  pains  in 
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the  affected  side;  there  is  little  or  no  hemiplegia,  and  no  rigidity  or 
contracture;  hemiataxia  is  usually  present,  and  frequently  also  irreg- 
ular involuntary  movements  of  the  choreic  or  athetoid  type  in  the 
affected  limbs. 

A  considerable  number  of  cases  with  these  clinical  symptoms  had 
been  already  described,  several  prior  to  the  appearance  of  Roussy's 
monograph,  and  the  postmortem  examinations  which  have  been 
possible  in  some  of  them  have  justified  this  clinical  definition  and  have 
confirmed  his  statement  that  these  symptoms  result  only  from  lesions 
which  involve  the  posterior  and  external  part  of  the  thalamus. 

These  are  the  essential  and  the  most  prominent  and  characteristic 
signs  of  thalamic  disease,  but  the  relative  prominence  of  the  individual 
symptoms  may  vary,  and  any  one  or  other  of  them  may  be  absent  in 
certain  cases. 

From  a  recent  review  of  10  cases  in  which  the  lesion  was  confirmed 
by  autopsy,  it  was  found  (Head  and  Holmes)  that  involuntary  move- 
ments were  present  in  only  4,  hemiataxia  in  7,  and  spontaneous  pains 
in  8.  Similarly,  though  some  degree  of  sensory  loss  existed  in  all,  its 
intensity  varied  from  only  slight  disturbance  of  one  or  other  form  of 
sensibility  to  practically  complete  loss  of  all  components  of  sensation. 

Further,  other  sj'mptoms  may  or  may  not  occur  according  as  the 
lesion  remains  limited  to  the  optic  thalamus  or  extends  into  neighboring 
parts.  Hemiparesis,  if  it  exists,  is  due,  not  to  disease  of  the  thalamus 
itself,  but  to  involvement  of  the  internal  capsule  which  lies  on  its  outer 
side,  and  it  depends  on  the  extent  to  which  this  is  affected.  It  is  a 
noteworthy  feature  that  even  when  it  is  relativel}^  severe  it  is,  as  a  rule, 
not  associated  with  any  rigidity,  and  that  the  plantar  reflex  on  the 
affected  side  may  not  be  of  the  extensor  type. 

Hemianopsia,  which  is  observed  in  some  of  the '  cases,  naturally 
occurs  when  the  lesion  spreads  into  the  pulvinar  of  the  thalamus  or 
to  the  external  geniculate  bod.y;  and  the  partial  deafness  which  is 
rarer  is  probably  due  to  extension  of  the  disease  toward  the  median 
geniculate  body  or  its  peduncle. 

In  the  great  majority  of  the  cases  which  have  been  hitherto  observed 
the  lesion  has  been  of  vascular  origin,  either  a  hemorrhage  or  throm- 
bosis; I  have  seen  one  case  in  which  a  small  and  apparently  localized 
hemorrhage  occurred  after  a  blow  to  the  head.  A  few  cases  have  been 
also  observed  in  which  the  condition  was  apparently  due  to  a  tumor 
involving  the  thalamus. 

A  further  discussion  of  these  usual  symptoms  of  thalamic  disease 
would  be  out  of  place  here,  but  reference  must  be  made  to  the  nature 
and  significance  of  certain  of  them  which  are  more  or  less  character- 
istic, and  for  which  patients  afflicted  by  the  thalamic  syndrome  would 
probably  come  under  treatment;  these  are  the  involuntary  movements 
and  hemiataxia,  and  the  sensory  disturbances  with  spontaneous  pains 
or  painful  paresthesiae. 

It  must  be  recognized  in  the  first  place  that  in  the  overwhelming 
majority  of  the  cases  the  lesion  is  stationary  and  non-progressive,  and 
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as  it  is  usually  the  scar  of  a  thrombotic  or  hemorrhaf,'ic  softening  it 
cannot  be  regarded  as  a  persistent  irritant  stimulus,  while  the  symp- 
toms it  produces  may  persist  unaltered  for  years  or  even  increase 
gradually  in  intensity.  Another  explanation  must  be  therefore  sought 
for  these  symptoms  that  indicate  overactivity  of  some  nervous 
mechanism,  and  especially  for  the  involuntary  movements  and  the 
spontaneous  pains. 

Hemiataxia. — The  hemiataxia  which  is  so  common  a  symptom  is 
certainly  a  defect  phenomenon  due,  in  the  majority  of  the  cases,  to 
involvement  of  the  cerebellothalamic  neurones  of  the  superior  cere- 
bellar peduncle  which  have  an  important  function  in  the  regulation 
of  voluntary  movement.  In  certain  cases,  however,  it  may  be  a  result 
of  the  loss  of  sensation,  and  especially  of  loss  of  the  sense  of  position, 
and  of  the  appreciation  of  movement. 

Involuntary  and  Spontaneous  Movements. — These  on  the  other  hand 
are  so  obviously  a  symptom  of  overactivity  that  they  cannot  be  a 
direct  result  of  a  destructive  lesion;  for  Hughlirigs  Jackson's  axiom,  that 
negative  or  destructive  lesions  cannot  produce  directly  positive  symp- 
toms or  symptoms  of  overactivity,  must  be  accepted.  Their  occurrence 
is  now  generally  attributed  to  the  fact  that  the  destructive  lesion  of 
certain  centres  frees  other  nervous  mechanisms  from  the  control  which 
normally  regulates  their  activity.    It  must  be  to  this  uncontrolled 
activity  of  such  centres  that  the  spontaneous  movements  are  due.  Which 
are  the  inhibitory  or  controlling  centres  that  are  destroyed  in  these 
cases,  and  which  are  the  other  centres  to  whose  overactivity  these  motor 
symptoms  are  directly  due  is  too  complicated  a  matter  to  receive  dis- 
cussion here.    Two  facts  may  be,  however,  emphasized;  first,  that  the 
actual  region  of  the  thalamus  which  must  be  involved  to  produce  these 
movements,  is  that  through  which  the  cerebellothalamic  or  rubro- 
thalamic fibers  pass,  or  in  which  they  terminate;  this  is  in  the  ventral 
and  caudal  regions  of  the  nucleus.    Secondl}^  it  is  necessary  that  the 
pjTamidal  tracts  should  not  be  severely  injured;  the  spontaneous 
movements  are  always  absent  if  there  is  severe  paralysis,  and  they 
usually  set  in  only  as  the  paresis  which  supervenes  as  an  acute  lesion 
is  passing  off,  and,  as  I  have  observed  in  more  than  one  case,  they  cease 
immediately  on  the  onset  of  another  attack  of  hemiplegia,  or  with  any 
considerable  progress  of  the  weakness.  An  excellent  instance  is  afforded 
by  Horsley's  case  in  which  violent  athetosis  of  an  arm  was  permanently 
checked  by  removal  of  the  corresponding  cortical  motor  centres.  It 
may  be  therefore  concluded  that  the  involuntary  movements  which 
occur  in  the  thalamic  syndrome  are  due  to  the  removal  of  the  inhibitory 
activity  of  a  cerebello-rubro-thalamic  mechanism  on  certain  motor 
systems,  and  one  of  these  at  least  is  the  motor  cerebral  cortex. 

Loss  of  Sensation. — The  loss  of  sensation  which  is  the  most  constant 
of  the  symptoms  of  thalamic  disease  is  evidently  due  to  injury  of  some 
part  of  the  sensory  path  which  passes  through  and  undergoes  a  relay 
in  the  thalamus.  But  evidently  there  may  be  important  differences 
in  the  form  of  the  loss  of  sensation  according  as  the  sensory  path  is 
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involved  before  its  thalamic  relay,  that  is  in  the  fillet,  or  after,  that  is 
in  the  thalamocortical  neurones.  But  as  might  be  expected  from  its 
anatomical  arrangement,  in  gross  lesions  of  the  thalamus  the  sensory 
path  is  usually  injured  in  both  places,  though  the  symptoms  are  gener- 
ally predominantly  those  of  a  supra-  or  infrathalamic  (nuclear) 
interference. 
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To  show  the  position  and  relations  of  the  optic  thalamus  in  the  central  sensory  path.  Two  distinct 
paths  exist  in  the  spinal  cord;  a  crossed  secondary  path  in  the  ventrolateral  column  which  conveys 
impressions  of  pain,  temperature,  and  touch,  and  a  second  uncrossed  path  in  the  dorsal  column  which 
also  carries  touch,  and  in  which  run  impulses  that  underlie  the  sense  of  position,  the  appreciation  of 
movement,  the  discrimination  of  two  points,  and  the  recognition  of  vibration,  size,  shape,  form,  weight, 
and  consistence.  This  second  path  decussates  in  the  lower  part  of  the  medulla  oblongata,  but  runs 
separate  from  the  first  path  at  least  as  high  as  the  pons.  All  these  secondary  sensory  fibers,  now  crossed, 
terminate  in  the  ventrolateral  region  of  the  optic  thalamus.  The  impressions  thej'  carry  arc  regrouped 
here  and,  through  intercalated  neurones,  are  distributed  along  two  distinct  paths;  the  one  carries 
impressions  to  the  cerebral  cortex,  the  other,  we  assume,  toward  the  more  mesial  parts  of  the  optic 
thalamus.  The  cortico-thalamic  fibers,  which  terminate  in  the  lateral  nucleus  of  the  optic  thalamus, 
are  also  shown.    (Head  and  Holmes.) 

Pains  of  Central  Origin. — The  occurrence  of  pains  of  central  origin, 
that  is,  such  as  are  not  apparently  due  to  any  peripheral  stimulation,  has 
excited  much  discussion;  but  to  understand  their  nature  and  treatment 
it  is  necessary  to  consider  another  sensory  phenomenon  that  seems 
to  be  constantly  associated  with  them.  This  is  the  tendency  ,for  stimuli 
of  the  unpleasant  order  to  produce  more  pain  and  discomfort  on  the 
aflFectcd  side  than  in  normal  parts,  despite  the  diminution  of  sensibility 
that  usually  exists.     Pain,  whether  produced  by  prick  or  pressure, 
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scraping  with  the  finger  ncails  or  any  sharp  object,  and  extreme  degrees  of 
temperature  {i.  e.,  below  15°  C.  and  above  50°  C),  all  evoke  a  stronger 
reaction  and  give  rise  to  more  pain  and  discomfort  than  on  the  normal 
side  of  the  body.  But  still  more  remarkable  is  the  fact  that  a  parallel 
overaction  to'  pleasurable  stimuli  may  be  frequently  obtained  from  the 
affected  regions;  mild  degrees  of  warmth,  for  instance,  may  be  more 
pleasant  than  on  the  normal  side,  and  tickling,  erotic,  and  other 
stimuli  may  excite  a  much  stronger  emotion  from  it. 

Thus  there  is  associated  mth  these  spontaneous  pains  of  the  thalamic 
syndrome  an  excessive  response  to  affective  stimuli,  though  there  may 
be  a  diminution  of  all  forms  of  sensibility  on  the  affected  side.  And  this 
seems  to  be  the  most  constant  and  most  characteristic  feature  of  thal- 
amic disease.  The  most  reasonable  explanation  of  it  that  can  be  offered 
is  one  analogous  to  that  given  of  the  involuntary  movements.  For  as 
this  sensory  disturbance  persists  unaltered  for  years;  as  it  is  generally 
associated  with  stationary  and  non-irritant  lesions;  and  as  it  occurs 
almost  constantly  with  lesions  in  this  region  of  the  sensory  tract,  but 
rarely  with  lesions  elsewhere,  it  cannot  be  regarded  as  a  phenomenon 
of  irritation.  If,  on  the  other  hand,  it  were  looked  upon  as  due  to  the 
removal  by  the  lesion  of  the  inhibitory  control  of  one  centre  upon 
another  which  is  normally  concerned  with  the  affective  components  of 
sensibility,  this  explanation  would  offer  an  exact  and  reasonable  inter- 
pretation of  all  the  associated  phenomena. 

Numerous  investigations  have  made  it  very  improbable  that  the 
afferent  components  of  sensibility  reach  any  portion  of  the  cere- 
bral cortex;  their  centre  must  be  consequently  situated  subcortically. 
Further,  the  subcortical  mass  of  gray  matter  which  is  most  intimately 
associated  with  the  sensory  path,  and  which  offers  the  best  opportunities 
for  this  function  is  the  optic  thalamus.  And  other  arguments  tend 
to  prove  that  it  is  here  we  must  seek  the  centre  for  the  affective 
elements  of  sensibility. 

It  must  be  remembered  that  Roussy  originally  pointed  out,  and  his 
observations  have  been  confirmed,  that  these  lesions  which  produce 
spontaneous  pains  and  the  associated  overaction  to  affective  stimuli 
lie  in  the  lateral  region  of  the  thalamus  where  they  must  interrupt  the 
fibers  connecting  the  cortex  with  the  thalamus,  as  these  pass  from  the 
internal  capsule  into  the  latter.  And  if  we  assume  that  by  so  doing 
they  remove  a  control  which  the  cerebral  cortex,  the  organ  of  discrimi- 
native sensibility,  exerts  on  the  thalamus,  the  centre  of  the  affective 
elements  of  sensation,  there  would  result  a  condition  of  overactivity  of 
the  latter  which  must  show  itself,  first  by  an  exaggerated  reaction  to 
these  elements;  and  secondly  by  the  occurrence  of  affective  sensation 
under  conditions  which  are  not  recognized  as  naturally  capable  of 
producing  it,  and  these  sensations  would  consequently  appear  to  be 
spontaneous. 

By  such  an  explanation,  which  is  merely  outlined  here,  the  most 
characteristic  symptoms  of  thalamic  disease,  the  spontaneous  or  invol- 
untary movements,  and  the  spontaneous  or  central  pains  with  the 
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associated  overreaction  to  affective  stimuli,  would  be  due  to  the  same 
cause — they  would  result  from  a  disturbance  of  the  inhibitory  control 
which  one  part  of  the  nervous  system  normally  exerts  on  another. 
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To  show  the  position  of  lesion  which  is  outlined,  in  a  typical  case  of  the  thalamic  syndrome,  a, 
ext.  med.  lam.;  b,  int.  med.  lam.;  c,  ant.  nucl. ;  d,  tenia  thalami;  c,  thalamic  radiations;  /,  V.  d'Azyr; 
0,  pes;  h,  fornix. 

Treatment. — The  treatment  of  cases  of  thalamic  disease  is  difficult 
and  unsatisfactory;  the  most  common  lesions  are  of  vascular  origin,  and 
we  can  do  nothing  to  repair  the  destruction  they  cause.  Neoplasms 
are  rarer  and  most  serious  as  they  cannot  be  accessible  to  surgical 
intervention.  Tuberculous  tumors,  however,  are  not  uncommon  in 
the  thalamus  and  may  become  latent,  but  gummas  which  generally 
grow  from  the  cerebral  membranes  are  naturally  rare. 

I  have  observed  cases  of  slow  origin  and  progressive  course  in  which 
the  symptoms,  either  unilateral  or  bilateral,  have  suggested  disease 
of  the  thalamus.  These  have  occurred  in  relatively  young  subjects 
and  seemed  to  be  due  to  degenerative  lesions,  though  I  have  had  no 
opportunity  of  confirming  the  diagnosis  or  determining  the  nature  of 
the  disease;  one  of  them  at  least  seemed  to  improve  under  large  doses 
of  iodides. 

The  treatment  of  diseases  of  the  optic  thalamus  must  be  consequently 
mainly  symptomatic.    The  special  symptoms  for  which  these  patients 
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seek  relief  are  the  hcmiataxia  which  interferes  with  purpositive  move- 
ments of  the  limbs;  the  violent  and  troublesome  involuntary  movements, 
and  the  severe  persistent  paroxysmal  pains  which  practically  characterize 
the  condition. 

For  the  hemiataxia  we  can  unfortunately  do  nothing;  no  care  in 
attemi)ting  reeducation  seems  to  have  the  slightest  effect,  and  in  addi- 
tion to  the  ataxia  purposeful  actions  are  usually  further  disturbed  by 
uncontrollable  spontaneous  movements.  When  slight  these  require 
no  treatment,  as  they  are  not  seriously  troublesome  to  the  patient,  but 
they  are  occasionally  so  violent  and  troublesome  that  relief  becomes 
urgently  necessary.  Only  surgical  measures  can  afford  it.  Two  methods 
have  been  tried.  In  one  case  Horsley  removed  the  cortical  motor 
centres  of  the  opposite  hemisphere  of  the  brain;  this  paralyzed  the 
affected  arm  almost  completely  and  abolished  the  movements  which 
had  been  previously  so  violent  that  even  at  this  cost  of  paralysis  the 
relief  was  extremely  grateful. 

Spiller  devised  another  method  for  the  treatment  of  severe  athetosis, 
which  was  adopted  with  apparently  some  success  in  one  case  at  least. 
He  observed  that  the  flexors  of  the  arm  were  more  severely  involved 
than  the  extensors,  and  so  it  occurred  to  him  that  if  some  of  this  ex- 
cessive innervation  of  the  flexors  could  be,  so  to  speak,  switched  into 
the  extensors  by  nerve  transplantation,  a  more  nearly  normal  relation 
between  these  groups  of  muscles  and  their  opponents  might  be  estab- 
lished, and  thus  the  athetoid  movements  would  be  lessened.  In  the 
case  referred  to  he  recommended  lateral  anastomosis  of  the  divided 
ulnar  and  median  nerves  into  the  musculospiral  nerve,  and  in  a  second 
operation  the  circumflex  and  musculocutaneous  nerves  were  divided 
and  an  end-to-end  anastomosis  effected  between  the  central  end  of 
one  and  the  peripheral  end  of  the  other. 

In  slight  cases  there  is  no  doubt  a  certain  amount  of  relief  may  be 
obtained  by  keeping  the  patient  as  quiet  as  possible,  as  all  physical 
and  mental  excitement  exaggerates  the  movements. 

But  the  spontaneous  pains  are  the  symptoms  which  most  urgently 
need  relief.  Roussy  pointed  out,  and  Edinger,  Grieff,  and  others  had 
observed  previously,  that  a  feature  of  these  pains  is  that  they  cannot 
be  controlled  by  ordinary  analgesics.  This  is  undoubtedly  true,  though 
a  certain  amount  of  alleviation  may  be  sometimes  obtained  by  phena- 
cetin,  antipyrine,  and  especially  aspirin,  but  large  and  frequent  doses 
are  unhappily  needed.  Anyone  of  these  drugs  may  be  advantageously 
combined  with  sodium  bromide,  especially  in  cases  where  sleep  is  poor 
or  disturbed.  I  have  given  the  following  prescription  with  some 
success : 


— Sodium  bromide  .... 

Phenacetin  

Tincture  of  gelsemiuin  . 

Water  

Three  or  four  times  daily. 


gr.  xij  or  xv 
gr.  vij  or  x 
nilvii 
3ss 
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In  other  cases  opium  or  morphine  may  be  necessary,  and  tliough 
thDve  may  be  a  natural  rehictance  to  exposinjij  the  patient  to  tlic  danger 
of  acquiring  the  morphine  habit,  it  must  be  remembered  tliat  the  suffer- 
ing is  in  many  cases  very  intense,  and  that  without  rehef  hfe  is  scarcely 
worth  living.  I  have  seen  good  results  from  giving  urethane  in  20  or  30 
grain  doses  two  or  three  times  a  day,  during  a  period  when  the  pains 
were  severe  and  sleep  was  disturbed. 

Apart  from  medicinal  treatment  much  may  be  done  for  these  central 
pains.  I  have  repeatedly  observed  that  they  are  more  severe,  or  more 
probably  that  the  patient  is  less  tolerant  to  them,  when  his  health  is 
low,  and  that  he  seems  to  suffer  less  when  stronger  and  in  better  con- 
dition. All  possible  measures  of  improving  the  general  health  should 
be  therefore  adopted. 

Still  more  important  is  the  avoidance  of  all  external  conditions  that 
may  excite  or  increase  the  pain;  all  stimuli  containing  affective  ele- 
ments may  do  this,  and  of  these  the  most  common  is  cold.  Any  exposure 
to  a  draught,  washing  in  cold  water,  and  above  all  a  change  in  tempera- 
ture may  excite  or  aggravate  the  pain,  and  the  patient  should  be 
consequently  warned  to  expose  himself  to  them  as  little  as  possible. 
As  a  rule  it  will  be  found  that  the  patients  have  to  clothe  themselves 
more  than  adequately.  I  know  several  patients  who  winter  and  summer 
wear  a  w^arm  glove  on  the  affected  hand,  as  "the  hand  cannot  bear 
the  cold." 

As  has  been  shown  (Head  and  Holmes)  any  emotional  stress  and 
excitement  may  induce  attacks  of  pain  or  painful  paresthesise,  and 
it  is  consequently  advisable  to  save  the  patient  from  worry  or 
excitement. 
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DISEASES  OF  THE  MIDBRAIN 

As  the  midbrain  is  the  sole  pathway  between  the  brain  and  the  lower 
levels  of  the  nervous  system,  and  as  it  also  contains  many  important 
special  centres,  any  disease  or  injury  of  it  may  produce  numerous 
symptoms,  some  of  which  are  characteristic,  while  others,  as  a  spastic 
motor  hemiparesis,  may  result  from  lesions  in  any  part  of  the  long 
tracts  which  pass  through  it.  In  order  to  deal  concisely  with  the  inter- 
pretation of  these  symptoms  for  diagnostic  purposes  it  will  be  most 
convenient  to  consider  separately  those  that  result  from  affections  from 
each  of  its  three  divisions,  namely,  the  crura,  the  tegmentum,  and  the 
corpora  quadrigemina,  though  clinical  disease  can  be  rarely  limited 
accurately  to  any  one  of  them. 
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Syndrome  of  the  Crura  Cerebri.— By  onlinary  definition  the  crura 
cerebri  are  understood  to  consist  of  tiic  long  tracts  that  run  longitudin- 
ally on  the  ventral  surface  of  the  midbrain  and  which  more  anteriorly 
are  continuous  with  part  of  the  internal  capsule.  These  are  the  cortico- 
pontine bundles,  and  the  corticospinal  or  pyramidal  tracts.  This 
part  of  the  brain-stem  is  injured  most  frequently  by  hemorrhages 
or  softenings,  or  by  tumors  growing  either  within  the  midlirain,  or 
from  the  skull  or  meninges  and  compressing  it.  Gummata  are  not 
infrequent  in  this  region. 

The  characteristic  symptoms  of  such  lesions  constitute  the  syndrome 
of  Weber,  or  a  spastic  paresis  of  the  opposite  side  of  the  body  including 
the  face  with  palsy,  either  partial  or  complete,  of  the  homolateral 
oculomotor  nerve,  owing  to  injury  of  it  as  it  passes  outward,  through 
the  crus.  The  intensity  of  the  hemiplegia  as  well  as  the  extent  of  the 
oculomotor  palsy  depends  on  the  size  and  the  site  of  the  lesion,  but  the 
ophthalmoplegia  tends  to  be  more  complete  than  when  the  lesion 
affects  the  oculomotor  nucleus,  since  the  root  fibers  collect  together 
as  they  reach  the  interpeduncular  space.  These  are  the  only  signs  of 
a  lesion  limited  to  the  peduncle;  sensory  disturbances  are  absent,  and 
other  cranial  nerves  are  not  involved. 

It  must  be  remembered  that  the  coexistence  of  a  hemiplegia  with 
palsy  of  the  opposite  oculomotor  nerve  may  be  due  to  two  or  more 
separate  lesions,  and  that  this  is  especially  common  in  cerebrospinal 
syphilis.  The  history  of  the  simultaneous  onset  of  the  two  palsies  is 
therefore  important. 

Lesions  in  the  Tegmentum. — More  numerous  and  more  variable 
symptoms  are  produced  by  disease  of  the  tegmentum  owing  to  the 
several  centres  and  paths  that  are  contained  within  or  pass  through  it. 
It  is  most  commonly  involved  by  tumors,  especially  tuberculomata  and 
gliomata,  but  hemorrhage  and  softening  frequently  occur  in  it.  As 
Martial  has  shown  it  is  not  infrequently  the  site  of  the  lesion  in  post- 
traumatic hemiplegia,  especially  when  the  injury  was  in  the  neighbor- 
hood of  the  orbit. 

Some  degree  of  hemiplegia  or  paresis  of  the  opposite  side  may  exist, 
but  only  when  the  crus  is  involved  or  compressed  by  the  lesion.  Sen- 
sory disturbances  on  the  contralateral  half  of  the  body  are  almost 
constant,  but  as  the  secondary  sensory  trigeminal  neurones — quinto- 
thalamic  fibers — run,  in  part  at  least,  separate  from  the  main  sensory 
tracts,  sensibility  may  be  either  more  or  less  affected  on  the  face  than 
on  the  trunk  and  limbs.  The  intensity  of  this  sensory  loss  depends 
on  the  site  and  the  extent  of  the  lesion;  all  forms  of  sensibility  are 
usually  disturbed,  and  probably  in  no  other  part  of  the  nervous 
system  is  sensation  so  commonly  affected  in  all  its  elements  as  in  the 
midbrain. 

Hemiataxia. — More  important  localizing  symptoms,  however,  are  the 
hemiataxia  and  unilateral  spontaneous  movements  so  frequently  asso- 
ciated with  disease  in  this  region.  The  hemiataxia  has  been  attributed 
to  the  sensory  disturbances  that  usually  coexist,  but  though  these  may 
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contribute  to  it  its  nature  in  my  exj)eriencc  almost  invariably  indicates 
that  it  is  of  cerebellar  origin  and  is  due  to  a  lesion  of  the  sujierior  cere- 
bellar peduncles — cerebello-rubro-tlialamic  fibers,  their  terminal  centres 


Fig.  58 


A  softening  in  the  left  side  of  the  tegmentum  of  the  midbrain  involving  the  mesial  fillet,  Lmm; 
the  nucleus  ruber,  Ntg;  the  oculomotor  nerve  and  its  nucleus.  Hi;  the  dorsal  longitudinal  bundle,  Flp; 
and  part  of  the  substantia  nigra,  SnS.    (Halban  and  Infeld.) 


Diagram  to  illustrate  the  centres  and  paths,  lesions  of  which  produce  tremor  and  other  forma  of 

involuntiiry  movomont. 
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in  the  nucleus  ruber  or  in  the  posterior  end  of  the  optic  thalamus,  or 
of  the  efferent  rubrospinal  tract.  The  distribution  of  the  ataxia  also 
confirms  this  opinion.  The  superior  cerebellar  P'>duncles  run  direct 
from  their  origin  through  the  posterior  part  of  the  tectum  and  tegmen- 
tum of  the  midbrain,  then  decussate  in  the  commissure  of  Wernekinck 
to  terminate  in  the  opposite  red  nucleus  and  optic  thalamus;  conse- 
quently we  might  expect  to  find  the  hemiataxia  homolateral  to  the 
lesion  and  on  the  side  opposite  to  the  hemiparesis  and  sensory  loss 
when  the  lesion  is  situated  posteriorly;  bilateral  when  the  commissure 
is  involved,  and  on  the  same  side  as  the  motor  and  sensory  paralysis 
when  the  disease  lies  anterior  to  this  level.  And  these  are  the  facts 
we  do  find.  Frequently,  as  Ferrier  and  Turner  showed  by  experi- 
ments on  animals,  the  ataxia  resembles  intention-tremor  when  the 
superior  peduncles  are  injured. 

Tremor. — But  more  characteristic  as  a  topographical  sign  of  disease 
in  this  region  is  the  presence  of  spontaneous  or  involuntary  movements 
which  generally  take  the  form  of  tremor.  This  fact  was  first  pointed 
out  by  Benedikt,  and  the  coexistence  of  unilateral  tremor  with  paralysis 
of  the  opposite  third  nerve  has  become  known  as  the  syndrome  of 
Benedikt.  The  tremor  often  resembles  very  closely  that  of  paralysis 
agitans;  it  is  relatively  regular  in  rate,  range,  and  amplitude,  and  of  a 
frequency  of  3  to  5  oscillations  per  second.  It  occurs  as  a  rule  only  when 
the  limb  is  wholly  or  partially  unsupported.  It  is  not  under  volitional 
control,  and  it  generally  becomes  a  well-marked  intention-tremor  on 
movement.  Occasionally  the  spontaneous  movements  are  more  irreg- 
ular or  choreiform,  and  even  athetosis  may  occur,  but  this  is  more 
characteristically  associated  with  lesions  of  the  optic  thalamus  than 
with  those  of  the  midbrain. 

The  exact  pathogenesis  of  these  spontaneous  movements  has  been 
much  discussed.  The  original  view  favored  by  Charcot  and  others 
attributed  them  to  a  partial  or  irritative  lesion  of  the  pyramidal  tract, 
but  numerous  clinical  facts  disprove  this  hypothesis;  it  is  indeed  now 
recognized  that  in  order  that  they  may  occur  it  is  essential  that  the 
pyramidal  tract  should  not  be  severely  injured.  On  the  other  hand 
many  facts  tend  to  prove  that  tremor  may  result  from  a  destructive 
lesion  of  any  part  of  the  superior  cerebellar  peduncle,  or  of  the  nucleus 
ruber  in  which  it  terminates,  or  of  the  rubrospinal  tract  or  v.  Monakow's 
bundle  which  passes  from  this  to  the  spinal  cord.  It  therefore  seems 
to  depend  on  a  lesion  of  the  cerebello-rubro-spinal  system  when  the 
pyramidal  tracts  are  relatively  intact  (Bonhoeffer,  Holmes).  If  this  be 
so  the  tremor  must  be  homolateral  to  the  lesion  if  the  cerebellar  peduncle 
is  affected  before  its  decussation,  contralateral  if  the  lesion  lies  above 
the  decussation  or  involves  the  nucleus  ruber,  and  again  homolateral 
if  it  affects  the  rubrospinal  tract  after  its  crossing.  And  this  we 
actually  find;  since  in  the  majority  of  cases  it  depends  on  involve- 
ment of  the  nucleus  ruber,  it  is  generally  found  on  the  same  side  as 
the  sensory  and  motor  disturbances  and  on  the  side  opposite  to  the 
lesion. 


PLATE  XLVIl 


Fig.  1 


Paralysis  of  Upward  Movenient  of  the  Eyes,  showing  the  excessive 
wrinkhng  of  the  forehead  in  the  attempt  to  look  up. 


Fig.  2 


Tumor  of  the  Pineal  Body,  showing  the  effect  of  pressure  on  the  mid- 
brain and  the  hydrocephalus  of  the  lateral  ventricles  that  it  lias  produced. 
(Bailey  and  Jelliffe.) 
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This  tremor  is  generally  associated  with  hypertonicity  of  the  muscles 
and  rigidity  of  the  limbs,  and  this  increases  the  danger  of  confusion 
of  these  cases  with  paralysis  agitans.  Sometimes,  indeed,  the  face  too 
is  rigid  and  mask-like. 

Ophthalmoplegia. — The  most  common  focal  sign  of  midbrain  lesions, 
however,  is  the  presence  of  ophthalmoplegia  due  to  injury  of  the  wdiole 
or  some  part  of  the  oculomotor  or  trochlear  root  or  nucleus,  or  pos- 
sibly of  a  supranuclear  ocular  centre.  The  most  common  condition 
is  a  partial  or  complete  paralysis  of  the  third  nerve  on  the  side  of  the 
lesion.  The  intrinsic  ocular  muscles,  however,  frequently  escape  in 
lesions  of  the  tegmentum,  though  isolated  palsy  of  them  is,  in  my 
experience,  not  uncommon  with  disease  in  the  anterior  end  of  the  mid- 
brain or  in  the  optic  thalamus.  This  must  be  due  to  the  fact  that  their 
centre  is  situated  the  most  anteriorly  in  the  oculomotor  nucleus.  Para- 
lysis of  the  superior  oblique  muscle,  due  to  involvement  of  the  trochlear 
nerve,  may  occur  when  the  disease  extends  to  the  posterior  part  of 
the  midbrain.    (Plate  XLVII,  Fig.  1.) 

Less  common  though  more  characteristic  are  the  palsies  of  the  con- 
jugate or  associated  ocular  movements;  much  the  most  frequent  of 
these  is  palsy  of  the  upward  movements  of  both  eyes,  but  downward 
movement  may  be  affected  either  alone  or  together  with  this,  or  the 
power  of  associated  convergence  of  the  eyes  may  be  lost.  Different 
explanations  have  been  offered  as  to  the  causes  of  these  conjugate 
palsies;  some,  as  Todter,  have  assumed  the  existence  of  a  supranuclear 
centre  for  these  conjugate  movements  in  the  tegmentum  of  the  mid- 
brain or  in  the  corpora  quadrigemina;  others,  as  Spiller,  attribute 
them  to  direct  injury  of  the  oculomotor  nuclei;  and  finally  von  Mona- 
kow  would  explain  them  by  the  interruption  of  the  fibers  connecting 
the  two  oculomotor  nuclei.  There  are  probably  not  sufficient  facts 
available  to  decide  the  question  definitely;  though  the  existence  of  a 
supranuclear  conjugate  centre  would  explain  their  occurrence  most 
easily,  it  must  be  admitted  that  there  is  no  other  direct  evidence  of  it. 
Conjugate  palsies  of  lateral  movements  of  the  eyes  may  occur  also 
with  midbrain  lesions,  owing  to  interruption  of  the  fibers  of  the 
dorsal  longitudinal  bundle  connecting  the  sixth  with  the  oculomotor 
nucleus,  though  they  are  more  characteristically  associated  with  pontine 
disease  in  the  neighborhood  of  the  abducens  nucleus. 

Pseudobulbar  Palsy. — Another  symptom  of  disease  of  the  tegmentum 
of  the  midbrain  which  is  not  uncommon  is  some  degree  of  pseudobulbar 
palsy;  it  is  probably  due  to  the  fact  that  the  pyramidal  fibers  destined 
for  the  innervation  of  the  motor  cranial  nerves  leave  the  corticospinal 
tracts  in  the  midbrain  and  pass  downward  through  the  tegmentum 
near  to  the  raphe.  When  these  are  interrupted  the  facial  muscles  become 
spastic  and  weak,  any  expression  the  face  assumes  tends  to  become 
fixed,  and  there  may  be  tendency  to  excessive  emotional  display;  the 
tongue  also  becomes  weak  and  spastic,  swallowing  may  be  difficult,  and 
speech  indistinct  and  monotonous,  or  there  may  be  even  considerable 
dysarthria. 
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Symptoms  of  Disease  of  the  Quadrigeminal  Bodies. — Disease  in  this 
region  produces  tVwor  fcx-al  syini)tc)ins  and  is  less  easy-  to  <liaj^iiosticate. 
Tumors  arc  the  most  common  i)athological  agents;  they  generally  grow 
within  the  brain,  but  may,  as  those  that  spring  I'rom  the  pineal  body, 
only  compress  it. 

Tumors  of  the  roof  of  the  midbrain  usually  produce  a  more  or  less 
characteristic  syndrome.  Headache  and  vomiting  are  constant  and 
are  often  very  severe,  and  optic  neuritis  occurs  in  a  large  proportion 
of  the  cases.  The  other  symptoms  are  drowsiness  which  often  sets  in 
early,  an  irregular  staggering  and  reeling  gait,  though  the  indi\'idual 
movements  of  the  lower  limbs  may  not  be  incoordinate,  and  either 
irregular  ocular  palsies  or  paralysis  of  the  conjugate  vertical  movements, 
associated  with  nystagmus.  The  pupillary  reactions  are  less  commonly 
disturbed.  Hearing  may  be  affected  when  the  disease  involves  one 
posterior  quadrigeminal  body,  though  this  is  probably  not  a  prominent 
symptom  unless  it  extends  to  the  median  geniculate  body;  hearing  is 
then  generally  reduced  in  both  ears,  but  more  so  in  the  ear  of  the 
opposite  side.  As  the  anterior  quadrigeminal  body  is  not  a  true 
visual  centre  in  man  disturbances  of  vision  do  not  occur  unless  the 
disease  extends  into  the  pulvinar  thalami  or  to  the  lateral  geniculate 
body. 

Tumors  of  Pineal  Body. — Tumors  of  the  pineal  body,  with  the  symp- 
toms of  which  we  have  become  acquainted  by  Marburg  and  the  compi- 
lations of  Bailey,  Jelliffe,  and  Kidd  produce  the  general  symptoms  of 
cerebral  tumor  with  certain  focal  signs,  and  there  may  be  in  addition 
characteristic  disturbances  of  nutrition.  The  general  symptoms,  those 
of  increase  of  intracranial  pressure  are,  as  a  rule,  well  marked,  as  hydro- 
cephalus almost  always  coexists,  for  owing  to  its  position  the  tumor 
may  block  the  aqueduct  of  Sylvius  and  thus  obstruct  the  flow  of 
cerebrospinal  fluid;  it  is  also  liable  to  compress  the  veins  of  Galen 
and  thus  impede  the  venous  return.  Headache,  vomiting,  optic  neuritis, 
and  vertigo  therefore  occur  and  may  be  associated  with  other  symp- 
toms of  hydrocephalus.  The  focal  signs  are  those  of  disease  of  the 
corpora  quadrigemina,  namely,  irregular  or  associated  ocular  palsies, 
pupillary  disturbances,  staggering  gait,  ataxia,  and  occasionally  cere- 
bellar asynergia  and  dysdiadokinesis.  The  metabolic  symptoms  are 
unnatural  adiposity,  sexual  precocity,  with  premature  development 
of  the  primary  and  secondary  sexual  characters,  and  in  some  cases 
cachexia.  As  the  pineal  undergoes  involution  after  about  the  seventh 
year  these  constitutional  svmptoms  may  be  expected  only  in  young 
subjects.    (I^late  XLVII,  Fig.  2.) 

The  exact  relation  of  the  adiposis  to  the  pineal  disease  is  question- 
able; it  may  be  a  direct  result,  or  it  may  be  due  to  atrophy  or  functional 
disturbance  in  the  hypophysis  owing  to  its  compression  as  a  result  of 
hydrocephalus.  The  sexual  precocity  probably  depends,  as  Marburg 
suggested,  on  the  nature  of  the  tumor;  teratomata  or  adenomata  which 
produce  an  increase  of  the  secreting  tissue  of  the  gland  would  be  most 
liable  to  produce  it. 
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Treatment  of  Midbrain  Disorders. — This  must  depend  on  the  nature 
and  site  of  the  lesions  to  which  they  are  due.  We  are  unable  to  repair 
the  damages  produced  by  vascular  lesions  and  can  rarely  do  anything 
to  compensate  the  symptoms  that  result  from  them.  Tumors  which 
lie  within  or  involve  the  midbrain  cannot  be  accessible  to  surgical 
inter\'ention,  and  few  of  those  that  compress  it  can  be  safely  removed. 
It  may  be,  however,  in  the  future  possible  to  operate  with  success  on 
certain  tumors  of  the  pineal  gland,  as  we  have  now  learned  to  diagnos- 
ticate them  with  fair  certainty.  It  must  be  remembered  that  tuberculous 
tumors,  which  are  especially  common  in  this  region,  may  become  latent 
and  their  symptoms  may  diminish  or  even  disappear.  Gummata,  which 
may  respond  to  antisyphilitic  treatment,  are  also  not  uncommon  at  the 
base  of  the  midbrain. 

Few  of  the  individual  symptoms,  too,  are  amenable  to  treatment 
or  require  separate  consideration.  The  ataxia  must  be  treated  on  the 
lines  laid  down  in  the  chapter  on  the  cerebellum.  Tremor  or  other 
spontaneous  movements  are  rarely  so  severe  from  disease  of  the  mid- 
brain as  to  require  radical  treatment,  but  if  so  violent  as  to  be  a  source 
of  discomfort  they  may  be  dealt  with  as  suggested  in  the  chapter  on 
the  diseases  of  the  optic  thalamus. 

The  ocular  palsies  are  even  more  unsatisfactory  from  the  point  of 
view  of  treatment;  unless  due  to  compression  of  the  nerve  or  its  nucleus 
by  a  gumma  that  will  yield  to  treatment  we  can  do  nothing  to  remove 
their  cause.  Ptosis,  it  must  be  remembered,  is  often  an  advantage  as 
it  obviates  the  discomfort  of  diplopia.  When  the  ocular  palsies  have 
resulted  from  a  non-progressive  lesion,  as  a  softening,  it  may  be  advis- 
able to  consider  the  treatment  of  the  squint  by  operation,  as  this  may 
at  least  remove  the  deformity-,  and  it  may  improve  vision  considerably. 
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THE  INTERPRETATION  AND  TREATMENT  OF  CEREBELLAR 

DISORDERS 

An  acquaintance  with  the  anatomical  connections  and  the  functions 
of  the  cerebellum  is  necessary  in  order  to  be  able  to  interpret  the  symp- 
toms of  its  diseases  and  devise  the  ])roper  and  most  adequate  methods 
of  treatment.    But  the  cerebellum  is  the  head-piece  or  centre  of  an 
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extensive  system  of  centres  and  tracts  the  functions  of  which  are  closely 
related  to  its  own,  while  their  disturbance  may  produce  symptoms  very 
similar  to  those  of  cerebellar  disease.  It  is  therefore  advisable  to 
include  in  the  term  "cerebellar  disorders"  not  merely  those  conditions 
which  are  directly  due  to  disease  of  the  cerebellum  itself,  but  also  to 
deal  with  the  symptoms  which  arise  from  disease  of  the  related  systems. 
A  short  review  of  the  anatomy  of  these  centres  and  systems,  and  a 
brief  resume  of  their  functions  is  consequently  essential  for  the  purpose 
of  this  chapter. 


Fig.  60 


Nucleus  ruber 


Superior  cerebellar)^ 
peduncle  ) 


Tr.  rubro-spinalis— 

Tr.  vestibulo-spinalis-- 

Dorsal  longitudinal  L 
Bundle  ) 


Dentate 
nucleus 

•Roof  nucleus 
^Deiter's  nucleus 


N.  vestibularis 


Tr.  sx)ino-cerebellares 


Diagram  to  illustrate  the  spinal  connections  of  the  cerebellum.  On  the  right  the  afferent  tracts 
are  represented,  and  the  efferent  cerebellar  tracts  on  the  left. 

Anatomy  of  Cerebellum. — The  cerebellum,  that  large  unpaired  organ 
which  is  constantly  present  throughout  the  vertebrate  kingdom,  has 
connections  with  all  parts  of  the  central  nervous  system,  from  the 
lowest  part  of  the  spinal  cord  to  the  cerebral  cortex.  These  connections 
take  place  through  its  three  paired  peduncles.  The  inferior  peduncle 
or  corpus  restiforme  is  mainly  afferent,  the  middle  peduncle  is  wholly 
so,  while  the  superior  cerebellar  peduncles,  or  the  brachia  conjunctiva, 
are  wholly  efferent,  though  one  important  tract,  the  tractus  spino- 
cerebellaris  ventralis,  or  Gowers'  bundle,  enters  the  cerebellum  in  close 
relation  to  them. 

Through  these  peduncles  the  cerebellum  is  intimately  connected 
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in  both  the  afferent  and  efferent  directions  with  almost  all  other  parts 
of  the  central  nervous  system/  Those  parts  which  are  especially  differ- 
entiated in  relation  to  the  cerebellum  and  correlated  in  activity  with 
it  may  be  spoken  of  as  the  cerebellar  systems. 

These  cerebellar  systems  may  be  briefly  sketched  as  arc  mechanisms 
with  afferent  and  efferent  limbs,  while  their  essential  and  controlling 
centres  lie  in  the  cerebellum. 


Fig.  61 

F.  thalamo-corticalis 


Diagram  to  illustrate  the  afferent  and  efferent  connections  of  the  cerebellum  with  the  forebrain. 

The  spinocerebellar  arc  consists  of  the  afferent  spinocerebellar 
tracts,  or  the  direct  cerebellar  tract  of  Flechsig  and  Gowers'  bundle, 
which  terminate  in  the  cerebellar  cortex;  by  means  of  projection  fibers 
this  is  connected  with  the  central  nuclei,  and  from  these  two  efferent 
paths  conduct  to  the  cord.  The  one  takes  origin  in  the  dentate  nucleus, 
passes  to  the  opposite  red  nucleus,  and  from  this  the  rubrospinal  path 
after  decussation  leads  to  the  cord.  The  other  path  starts  in  the  roof 
nuclei  and  passes  through  the  semicircular  fibers  of  the  cerebellum  to 
Deiters'  nucleus,  and  thence  through  the  vestibulospinal  and  the  dorsal 
longitudinal  bundles  to  the  cord.  It  must  be  noted  that  the  cerebello- 
fugal  connections  of  the  cerebellum  are  homolateral  with  the  spinal  cord, 
i.e.,  the  connection  of  the  cerebellum  in  this  direction  is  direct,  not 
crossed,  while  on  the  afferent  side  the  relation  is  also  at  least  pre- 
dominantly homolateral.  A  consequence  of  this  is  that  it  may  be 
expected  that  the  symptoms  of  unilateral  cerebellar  disease  should 
show  themselves  predominantly  on  the  side  of  the  lesion. 

On  the  other  hand  the  connection  of  the  cerebellum  with  the  fore- 
brain  and  basal  ganglia  is  crossed  in  contralateral.  On  the  afferent 
side  we  have  each  cerebral  hemisphere  connected  by  the  corticopontine 
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tract,  the  nuclei  pontis  and  the  middle  cerebellar  peduncle  with  the 
opposite  lateral  lobe  of  the  cerebellum.  The  basal  ganglia  are  probably 
similarly  connected  with  the  cerebellum  by  the  central  tegmental  tracts 
which  pass  direct  to  the  inferior  olives,  and  by  the  crossed  olivocerebellar 
fibers  that  take  origin  from  these. 

Similarly  the  efferent  cerebellocerebral  connections  are  crossed, 
owing  to  the  decussation  of  the  superior  cerebellar  peduncles.  These 
terminate  directly  in  the  optic  thalamus,  and  through  this  they  can 
undoubtedly,  by  the  thalamocortical  fibers,  act  on  the  cerebral 
cortex. 

Finally  the  cerebellum  receives  another  important  system  of  fibers 
from  the  primary  vestibular  nuclei,  which  enter  it  by  passing  on  the 
inner  or  mesial  side  of  the  corpus  restiforme.  These  vestibulocere- 
bellar fibers  form  the  inner  portion  of  the  peduncle,  or  the  corpus 
juxta  restiforme.  The  vestibular  nerve,  which  carries  impulses  from 
the  semicircular  canals,  terminates  chiefly  in  the  dorsal  vestibular 
nucleus,  but  also  sends  fibers  to  Deiters'  nucleus  and  the  nucleus  of 
Bechterew  that  lies  immediately  dorsal  to  it;  and  numerous  fibers  take 
origin  in  these  primary  vestibular  nuclei,  chiefly  from  Deiters'  nucleus, 
and  pass  to  the  cortex  of  the  vermis,  probably  on  their  way  giving 
collaterals  to  the  roof  nucleus  of  the  same  side.  Though  described  by 
Edinger  it  seems  doubtful  if  any  vestibular  root  fibers  pass  directly 
to  the  cerebellum. 

The  Functions  of  the  Cerebellum  and  its  Related  Parts. — Probably 
no  part  of  the  central  nervous  system  has  been  the  subject  of  so  many 
investigations,  experimental  and  physiological,  clinical  and  pathological, 
as  the  cerebellum.  It  is  impossible  to  deal  with  the  results  of  these 
investigations  here,  but  a  short  reference  to  the  more  important  is 
advisable  owdng  to  the  aid  it  will  be  in  interpreting  the  significance 
of  the  clinical  symptoms  to  be  dealt  with  in  this  chapter. 

Its  extensive  connections  wdth  all  other  parts  of  the  central  nervous, 
system,  and  the  intimate  afferent  and  efferent  relations  in  which  it 
stands  to  them,  would  suggest,  a  'priori,  that  the  cerebellum  is  in  some 
way  concerned  with  the  functions  of  all  these  parts  and  that  its  duty 
may  be  to  coordinate  their  activities.  Again  viewed  from  its  phylo- 
genetic  history  it  may  seem  that  its  development  corresponds  closely, 
as  Edinger  has  pointed  out,  to  the  relative  complexity  or  variety  of 
the  motor  activities  of  the  animal.  It  is  small  and  rudimentary  in  the 
mud  fishes,  larger  and  more  complex  in  those  which  swim  freely;  it 
is  simple  and  relatively  small  in  the  reptiles  which  crawl  or  glide  on 
the  earth,  relatively  enormous  in  the  birds  which  fly  through  the  air. 
And  even  in  many  classes  of  mammals  a  similar  relation  is  noticeable, 
though  the  development  of  the  lateral  lobes  parallel  with  that  of  the 
forebrain  tends  to  obscure  it. 

The  physiological  investigations  that  have  thrown  most  light  on  the 
functions  of  the  cerebellum  have  been  extirpation  experiments;  the 
results  of  stimulation  though  valuable  as  complementary,  have  been 
less  important. 


THE  FUNCTIONS  OF  THE  CEREBELLUM 


625 


Seventy  years  ago  Flourens  described  the  cerebellum  as  a  special  organ 
for  the  coordination  and  regulation  of  voluntary  movements  and  dis- 
covered that  lesions  of  it  disturbed  the  harmony  and  interrelationship 
of  muscular  contractions.  Though  this  view  has  been  criticised,  in 
whole  or  part,  by  subsequent  investigations  it  expresses  an  opinion  which 
has  come  to  be  generally  held.  Schiff  was  impressed  by  the  tremor 
and  unsteadiness  of  animals  from  whom  part  of  the  cerebellum  was 
removed,  and  offered  the  explanation  that  this  is  due  to  a  disturbance 
of  innervation  which  upsets  the  normal  relation  of  muscles  to  their 
antagonists  and  synergies.  Ferrier  has  regarded  the  cerebellum  as  a 
coordinating  centre  and  one  specially  concerned  with  the  regulations  of 
the  muscular  activities  necessary  for  the  maintenance  of  equilibrium; 
while  Munk,  too,  attributes  to  it  the  function  of  maintaining  equilib- 
rium. 

Rolando  suggested  that  the  cerebellum  may  be  a  source  or  reservoir 
of  nervous  energy,  and  Luys  and  Weir  Mitchell  emphasized  feebleness 
as  the  most  prominent  persisting  symptom  of  destructive  lesions  of 
the  cerebellum. 

But  the  investigations  of  Luciani  are  the  best  known  and  the  most 
complete.  He  describes,  as  a  result  of  removal  of  one-half  of  the  cere- 
bellum, a  series  of  symptoms  limited  to  or  more  marked  on  the  same 
side  of  the  body,  which  supervene  as  the  irritative  effects  of  the  opera- 
tion pass  off.  When  analyzed  these  symptoms  are  seen  to  be  due  to 
atonia  or  defective  tone  in  the  muscles ;  astasia,  or  tremor  and  unsteadi- 
ness which  shows  itself  in  irregularity  of  movement  and  tremor  or 
oscillations  of  unsupported  parts  of  the  body  owing  apparently  to 
incomplete  or  irregular  fusion  of  the  individual  (or  fundamental) 
muscular  contractions;  and  finally  asthenia,  or  feebleness  of  the  affected 
muscles. 

But  these  views,  too,  have  failed  to  find  universal  acceptance.  The 
astasia,  or  the  tremulousness  in  movement  and  in  the  maintenance  of 
attitudes  is  generally  admitted,  but  a  deficiency  of  tone  is  denied  by 
Ferrier  and  others,  though  in  my  opinion  wrongly.  Thomas,  too, 
disputes  the  statement  that  hypotonia  occurs  as  he  has  not  observed 
it  in  patients  afflicted  with  chronic  cerebellar  disease.  Paresis  and 
feebleness  of  the  affected  muscles  as  a  direct  result  of  cerebellar  lesions 
is  even  more  generally  disputed,  and  there  is  no  doubt  that  even  in 
acute  cerebellar  lesions  it  is  rarely  prominent,  though  it  certainly  occurs. 
Others,  as  Ferrier  and  Munk,  regard  the  maintenance  of  equilibrium  as 
the  chief  function  of  the  cerebellum.  According  to  Ferrier,  by  disease 
or  injury  of  it  equilibration  is  disturbed  owing  to  disarrangement  of 
the  muscular  synergies  that  are  necessary  to  correct  the  displacement 
of  the  centre  of  gravity  that  must  occur  in  every  step.  Similarly,  Munk 
ascribes  the  disturbance  of  equilibration  to  an  upset  of  the  combined  or 
general  movements  (Gemeinshaftbewegungen)  of  tlie  vertebral  column 
and  limbs. 

Thomas,  too,  emphasizes  the  importance  of  the  cerebellum  as  a 
reflex  centre  for  equilibration,  and  for  the  maintenance  of  the  body 
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in  tlie  erect  attitude  at  rest  or  during  reflex,  automatic  or  voluntary 
movement. 

These  views  which  ascribe  to  the  cerebellum  a?  its  chief  function 
the  association  and  coordination  of  the  muscular  activities  necessary 
for  equilibrium  raise  the  interesting  point  of  the  relation  of  the  laby- 
rinthine and  cerebellar  functions.  Their  intimate  anatomical  connection 
suggests  that  their  functions  must  be  closely  related.  Removal  of  a 
labyrinth,  or  section  of  one  vestibular  nerve,  produces  symptoms  in 
many  points  similar  to  those  of  acute  destruction  of  one  side  of  the 
cerebellum;  equilibrium  is  disturbed  and  the  homolateral  limbs  become 
hypotonic,  unsteady,  and  remain  for  a  time  even  feeble.  On  the  other 
hand  the  ataxia  of  cerebellar  disease  is  absent,  and  any  disturbance 
of  movements  is  due  chiefly  to  the  hypotonicity.  Thomas  suggests 
that  while  the  vestibular  apparatus  is  concerned  chiefly  in  the  main- 
tenance of  the  head  and  trunk  in  passive  attitudes,  the  cerebellum 
controls  equilibrium  in  active  movement. 

Further,  orientation  in  space  is  ascribed  to  labyrinthine  activity, 
and  though  this  may  not  be  a  direct  function  of  the  labyrinth,  it  seems 
to  depend  largely  on  the  state  of  tonicity  of  the  muscles  which  is  under 
the  regulating  control  of  the  labyrinthine  impulses.  The  cerebellum, 
on  the  other  hand,  seems  to  take  no  part  in  it. 

Though  the  cerebellum  receives  so  many  afferent  paths,  and  though 
it  has  actually  developed  in  the  afferent  bulbar  system,  it  cannot  be 
regarded  as  a  sensory  organ;  there  is  no  clinical  evidence,  and  it  is 
only  in  man  that  conclusive  observations  can  be  made,  that  any  of 
the  impulses  that  reach  it  or  pass  through  it  ever  afiect  consciousness 
directly  or  indirectly  as  a  sensation,  or  that  they  can  underlie  any  form 
of  conscious  sensation.  It  must  be,  however,  mentioned  that  Risien 
Russell  described  anesthesia  and  analgesia  of  the  same  extent  as  the 
motor  affections  after  destructive  lesions  of  one  and  both  sides  of  the 
cerebellum.  Magendie  originally  supposed  the  cerebellum  to  be  the 
organ  of  "muscle  sensibility."  This  idea  has  been  revived  by  Lewan- 
dowsky,  who  regards  cerebellar  ataxia  as  a  "sensory  ataxia"  due  to 
disturbance  of  muscular  sensibility.  Munk  also  adopts  the  suggestion 
that  the  cerebellum  is  concerned  with  muscular  sensibility,  but  this 
opinion  has  not  been  confirmed  by  any  other  physiologists,  and  from 
numerous  observations  I  can  deny  positively  that  any  form  of  sensation 
is  affected  in  man  by  either  acute  or  chronic  cerebellar  lesions.  Lotmar 
described  defective  appreciation  of  weight  in  limbs  affected  by  cere- 
bellar ataxia,  but  as  others  I  have  failed  to  find  any  confirmation  of 
this  opinion  in  the  examination  of  several  cases  of  cerebellar  disease. 

Finally,  Sherrington's  genial  definition  may  be  referred  to.  Accord- 
ing to  him  the  cerebellum  is  "the  head  ganglion  of  the  proprioceptive 
system,"  that  is  of  the  non-sensory  components  of  the  large  afferent 
system  that  collects  its  impulses  from  the  end-organs  which  are  affected 
by  changes  in  the  body  itself— from  the  muscles,  tendons,  and  joints, 
as  well  as  from  the  labyrinth.  This  extensive  ])roi)riocei)tive  system, 
which  also  sends  centralward  the  impulses  that  underlie  the  appre- 


THE  FUNCTIONS  OF  THE  CEREBELLUM 


627 


ciatioii  of  position  and  movement,  i.e.,  those  which  constitute  what 
is  commonly  spoken  of  as  "the  muscle  sense,"  has,  as  Sherrington  says, 
its  own  roHexes  which  are  mainly  concerned  in  the  maintenance  of 
muscle  tone,  and  in  preserving  the  attitude  of  the  body  and  regulating 
the  contractions  and  relaxations  of  the  muscles  on  which  this  depends. 
These  are  the  peripheral  impulses  which  furnish  the  cerebellum  with 
the  materials  that  subserve  its  functions. 

What  is  the  functional  relation  of  the  cerebellum  to  the  cerebrum? 
Anatomically  there  is  a  very  close  connection  by  double  crossed  paths, 
but  on  the  physiological  side  it  is  not  yet  possible  to  define  their 
interrelationship  in  any  short  formula.  Russell,  however,  and  later 
Luciani,  have  shown  that  after  extirpation  of  one  side  of  the  cerebellum 
the  motor  centres  in  the  contralateral  cerebral  hemisphere  are  more 
excitable  than  normal. 

If  we  attempt  to  summarize  in  general  terms  the  conclusions  in  regard 
to  the  functions  of  the  cerebellum  to  which  physiological  experimenta- 
tion has  led,  we  may  say  that  it  is  an  organ  which  by  its  tonic  action 
controls  the  activities  of  those  portions  of  the  nervous  system  that  are 
concerned  in  the  initiation  or  production  of  movement,  so  that  each 
movement  is  continuous  and  maintained  and  is  executed  with  the 
greatest  possible  preciseness  in  range  and  direction;  and  that  by  the 
elaborate  coordination  of  the  various  effective  centres  over  which  it 
presides  the  groups  of  muscles  which  cooperate  in  producing  movements, 
or  in  maintaining  the  attitudes  necessary  for  their  execution,  work 
harmoniously. 

Finally  we  can  conclude  that  though  it  has  developed  in  the  afferent 
system  and  has  extensive  afferent  connections  it  is  not  a  sensory  organ; 
nor,  on  the  other  hand,  can  it  be  regarded  as  motor,  though  it  sends 
efferent  tracts  directly  or  through  relays  to  other  positions  of  the 
nervous  system. 

A  short  reference  may  be  also  made  to  the  specific  functions  of  the 
different  afferent  and  efferent  connections  of  the  cerebellum  as  revealed 
by  their  experimental  destruction,  though  our  knowledge  of  them  is 
very  incomplete  and  indefinite.  Marburg  and  Bing  have  each  divided 
the  spinocerebellar  tracts  and  described  more  or  less  identical  symp- 
toms; the  chief  were  hypotonicity  of  the  homolateral  limbs  and  an 
awkwardness  and  ataxia  of  gait  which  seemed  to  be  due  chiefly  to 
incoordination  of  the  "  Prinzipalsteegungen"  of  the  limbs,  or  of  those 
muscles  regulating  the  relation  of  the  limbs  to  the  shoulder  girdle  and 
pelvis.  Thus  they  resemble  the  symptoms  produced  by  a  unilateral 
cerebellar  lesion.  But  these  symptoms  disappear  rapidly,  even  after 
bilateral  section.  The  importance  of  the  afferent  impulses  carried  by 
these  tracts  for  the  coordinating  functions  of  the  cerebellum  cannot 
be  doubted,  and  the  relatively  slight  and  transient  effects  their  section 
produces  probably  indicates  that  apart  from  them  there  is  another 
spinal  path  open  to  ccrebellopetal  impulses.  The  fact  that  section  of 
the  inferior  cerebellar  peduncles,  whicli  probably  includes  these  other 
paths  {e.g.,  spino-olivo-cerebellar)  produces  more  intense  and  persistent 
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cerebellar  symptoms,  may  be  taken  as  an  argument  in  favor  of  this 
view.  The  nature  of  the  afferent  cerebellar  components  of  vestibular 
origin  has  been  already  referred  to.  It  is  probably  on  these  that  the 
tonic  and  equilibrating  functions  of  the  cprcbellum  mainly  depend. 

Significance  of  Cerebro-ponto-cerebellar  System.— The  significance  of 
the  cerebro-ponto-cerebellar  system  is  obscure.  We  know  practically 
nothing  of  the  effects  of  disease  or  section  of  the  cerebro-pontine  fibers; 
this  is  due  to  the  fact  that  with  them  other  cortico-efferent  tracts  (e.  g., 
corticospinal)  are  generally  involved,  and  the  pure  effects  of  the  dis- 
turbance of  the  cerebro-cerebellar  connections  are  therefore  obscured. 
Mills  has  suggested  that  as  Tiirck's  bundle  takes  its  origin  chiefly  from 
the  region  of  cortical  representation  of  the  labyrinth  it  may  be  inti- 
mately concerned  with  equilibration;  while  Kleist  believes  that  per- 
severation of  voluntary  muscular  contraction,  and  a  stiffness  of  the 
opposite  limbs  may  result  from  disease  of  the  frontopontine  tract. 

Function  of  Cerebello-thalamo-cortical  System. — Of  the  exact  functions 
of  the  efferent  cerebello-thalamo-cortical  system  we  are  also  ignorant; 
we  may  recall,  however,  the  hyperexcitability  of  the  opposite  cerebral 
hemisphere  after  extirpation  of  one  side  of  the  cerebellum  described 
by  Luciani  and  Russell,  and  perhaps  deduce  from  it  that  by  this  system 
the  cerebellum  exerts  an  inhibiting  or  controlling  influence  on  cerebral 
motor  activity.  The  cerebello-rubro-spinal  and  cerebello-vestibulo- 
spinal  efferent  paths  are  probably  more  important,  but  of  their  exact 
significance  we  know  very  little.  There  are  many  facts,  however, 
which  indicate  that  Deiters'  nucleus,  which  is  the  chief  relay  station 
in  the  cerebello-vestibulo-spinal  system,  is  largely  concerned  with  the 
control  of  muscle  tone,  and  its  intimate  relation  to  the  vestibulum 
suggests  it.  Thiele,  too,  has  shown  that  the  decerebrate  rigidity  of 
Sherrington  persists  on  repeated  section  of  the  brain-stem  down  to  the 
level  of  Deiters'  nucleus,  but  disappears  when  this  is  injured. 

Function  of  Cerebello-rubro-spinal  System. — The  cerebello-rubro-spinal 
system  may  be  more  intimately  concerned  with  the  determination  of 
muscular  contractions  and  their  proper  fusion.  Ferrier  has  pointed 
out  that  tremor  and  an  irregularity  of  movement  very  similar  to  the 
intention-tremor  of  disseminated  sclerosis  results  from  section  of  the 
superior  cerebellar  peduncles,  and  in  the  chapter  on  Diseases  of  the 
Midbrain  we  have  seen  that  lesions  of  the  nucleus  ruber  and  even  of 
the  rubrospinal  tract  may  produce  the  same  effects. 

Symptoms  of  Cerebellar  Disease. — We  can  come  now  to  the  symp- 
toms of  cerebellar  disease,  or  the  disturbances  of  function  that  result 
from  lesions  of  the  cerebellum.  The  remarks  we  have  already  made 
have  prepared  us  for  the  consideration  of  these  symptoms  and  their 
interpretation.  But  we  must  emphasize  at  once  that  the  combination 
of  symptoms  depend  largely  on  the  form  of  the  disease,  and  especially 
on  its  evolution.  Lesions  of  sudden  or  rapid  onset,  as  softenings, 
hemorrhages,  rapidly  growing  abscesses  and  tumors,  or  the  effects  of 
extensive  surgical  interference,  ])r()duce  symptoms  which  resemble 
closely  those  observed  after  experimental  lesions  of  the  cerebellum  or 


SYMPTOMS  OF  CEREBELLAR  DISEASE  ()29 

its  related  systems.  But  if  the  lesion  is  non-progressive  or  becomes 
stationary  these  symptoms  diminish  and  some  of  them  may  eventually 
disappear.  On  the  other  hand,  diseases  of  slow  evolution,  as  the  primary 
atrophies  and  degenerations  of  the  cerebellum  and  slowly  growing 
tumors,  evoke,  as  a  rule,  less  prominent  disturbances.  Finally,  it  is 
now  well  known  that  the  not  uncommon  congenital  lesions  of  the 
cerebellum  ma}'  fail  to  show  any  clinical  evidence  of  their  existence. 

It  is  advisable,  however,  to  point  out  first  the  clinical  symptoms  of 
cerebellar  disorders,  and  later  to  consider  their  relation  to  the  type 
of  the  disease. 

Ataxia. — Ataxia,  or  incoordination  of  movement,  is  almost  invari- 
ably the  most  prominent  sign.  If  contrasted  with  the  ataxia  of  tabes 
dorsalis,  which  is  chiefly  due  to  loss  of  those  components  of  sensation 
by  which  movement  is  controlled,  i.  e.,  especially  loss  of  those  conscious 
afferents  from  the  muscles,  tendons,  and  joints  that  subserve  the  appre- 
ciation of  posture  and  movement,  it  is  at  once  seen  that  it  differs  there- 
from by  the  fact  that  the  sense  of  position  and  the  appreciation  of 
movement  in  the  ataxic  limbs  are  unaffected.  The  tabetic  can  partly 
compensate  this  sensory  loss  by  voluntarily  controlling  his  movements 
by  vision,  and  his  ataxia  is  consequently  greater  when  his  eyes  are 
closed  or  he  is  otherwise  unable  to  guide  his  movements  by  his  eyes; 
in  cerebellar  disease,  on  the  other  hand,  as  the  irregularity  of  move- 
ment is  due  to  a  disturbance  of  a  central  coordinating  mechanism 
which  the  patient  cannot  overcome  either  by  the  aid  of  sensation  or 
vision,  its  manifestations  are  equally  great  whether  his  eyes  are  closed 
or  open.  The  ataxia  of  cerebellar  disease  is  a  primary  incoordina- 
tion due  to  a  defective  cooperation  of  the  various  muscles,  agonists, 
antagonists,  and  synergies,  concerned  in  the  act.  It  must  be  realized  that 
few  if  any  movements  of  our  bodies  and  limbs  result  from  isolated 
contraction  of  a  single  muscle,  for,  as  Sherrington  especially  has  shown, 
even  the  simplest  reflex  contraction  of  a  muscle  is  accompanied  by  a 
relaxation  of  the  tone  of  its  antagonist;  and  it  is  evident  that  under 
other  conditions  the  uniformity  and  regularity  of  a  movement  may  be 
regulated  by  the  reciprocal  innervation  of  the  antagonists  of  the  con- 
tracting muscle.  Further,  even  the  simplest  acts  require  for  their 
completion  the  contraction  of  synergic  muscles  to  prevent  accessory 
movements  at  the  joint  concerned,  for  example  that  of  the  extensors  of 
the  wrist  when  the  fingers  are  flexed  in  order  to  prevent  flexion  of  the 
hand.  Finally,  to  execute  any  purpositive  act  it  is  essential  that  the  more 
proximal  segments  of  the  limbs  should  be  fixed  in  an  appropriate  atti- 
tude by  the  contraction  of  its  muscles.  Consequently  even  a  simple 
act,  as  grasping  a  pen,  necessitates  the  harmonious  cooperation  of 
many  groups  of  muscles,  viz.,  the  flexors  of  the  fingers  as  agonists,  the 
relaxation  of  their  antagonists,  the  extensors  of  the  fingers,  the  concen- 
tration of  the  synergic  extensors  of  the  wrist  to  prevent  the  flexion  of 
the  hand  by  the  contraction  of  the  flexors  of  the  fingers,  and  finally 
the  tonic  contraction  of  the  fixators  of  the  elbow  and  shoulder.  It  is 
this  harmonious  cooperation  which  is  disturbed  by  cerebellar  lesions. 
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Consequently  cerebellar  disease  produces  a  disproportion  in  the 
elements  oF  a  movement,  and  there  results  therefrom  what  Babinski 
has  termed  a  dysmetria.  li'  a  i)atient  so  aii'ected  i;;  asked  to  bring  his 
forefinger  to  the  tip  of  his  nose  the  hand  does  not  follow  the  direct  and 
natural  line  of  movement  but  deviates  from  it,  and  is  then  voluntarily 
drawn  back  to  the  correct  direction;  it  is  also  frequently  interrupted 
in  the  line  of  movement  and  the  finger  may  finally  pass  the  spot  it 
desires  to  reach.  Thomas  rightly  points  out  that  spontaneous  move- 
ments are  executed  slowly  and 
in  stages  instead  of  uniformly,  so 
that  an  irregularity  resembling 
that  seen  in  disseminated  sclerosis 
may  result.  This  dysmetria  is  well 
illustrated  (Thomas)  by  a  patient 
attempting  to  take  a  glass  of  water 
in  his  affected  hand:  in  approach- 
ing the  glass  the  hand  is  opened 
unduely  mdely,  then  it  is  brought 
so  abruptly  to  the  glass  as  to  spill 
its  contents,  and  finally  the  object 
may  be  'grasped  with  a  dispropor- 
tionate or  ill-measured  force. 

As  may  be  expected  from  this 
analysis  of  cerebellar  ataxia,  it  is 
always  most  prominent  in  "move- 
ments d'ensemble,"  that  is,  large 
movements  which  require  the  co- 
operation of  numerous  groups  of 
muscles,  while  simple  movements 
may  be  well  executed.  Tliis  is 
another  point  in  the  distinction 
of  cerebellar  incoordination  from 
that  of  tabes  dorsalis. 
Another  component  of  cerebellar  incoordination  has  been  emphasized 
by  Babinski  under  the  term  asynergia,  or  a  loss  of  the  faculty  of  asso- 
ciating movements.  If  a  normal  person  is  requested  to  place  one  foot 
on  a  chair  in  front  of  him  he  does  so  by  simultaneously  flexing  his  hip 
and  knee;  a  subject  of  cerebellar  ataxia  will,  however,  probably  first 
raise  his  leg  by  flexing  his  thigh,  and  only  later  flex  his  knee:  the  two 
acts  are  not  simultaneously  executed.  Similarly,  though  the  patient 
may  have  difficulty  in  maintaining  his  equilibrium  as  he  walks  he  does 
not  aid  himself  by  swinging  his  arms  in  association  with  the  movements 
of  his  legs. 

Another  test  of  asynergia,  which  well  illustrates  its  eftect  on  gait, 
is  to  ask  the  patient  to  throw  his  head  backward;  in  attempting 
this  he  may  fall  owing  to  failure  to  readjust  his  balance  by  the 
simultaneous  flexion  of  his  knees.  To  this  asynergia  the  difficulty  in 
equilibration  is  largely  due:    movements  which  displace  the  centre 
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of  gravity,  as  every  step  must  do,  do  not  excite  refiexly  the  normally 
associated  muscular  contractions,  which  again  throw  the  centre  of 
gra\'ity  over  the  base;  in  other  words,  the  body  does  not  adjust  itself 
immediately  to  its  altered  position. 

Equilibrium. — We  have  seen  that  many  physiologists  have  regarded 
the  inability  to  maintain  equilibrium  in  the  erect  posture  as  one  of  the 
most  prominent  signs  of  cerebellar  lesions  in  animals,  and  a  difficulty  in 
equilibration  is  unquestionably  often  the  most  pronounced  symptom  of 
cerebellar  disease  in  man.  Whether  this  is  due  to  a  specific  disturbance 
of  equilibration  as  occurs  in  labyrinthine  disease,  or  is  merely  the  result 
of  the  ataxia  and  its  consequent  d^^smetria  of  movement  and  asynergia 
is  difficult  to  decide,  but  my  own  opinion  inclines  to  attribute  it  pre- 
dominantly to  the  latter  causes.  It  may  be  observed,  in  severe  cases 
at  least,  not  only  when  the  patient  stands  but  even  as  he  sits  unsup- 
ported; then  the  body  sways  from  side  to  side  and  the  attempts  at 
balancing  by  his  arms  and  head  are  awkward  and  ineffectual. 

The  ataxia  which  results  from  unilateral  cerebellar  lesions  shows 
itself  predominantly,  and  often  almost  exclusively,  in  the  homolateral 
limbs;  occasionally,  however,  the  ataxia  is  almost  bilateral,  but  this 
is  chiefly  the  case  with  tumors  which  often  have  a  diffuse  or  widely 
indirect  effect.  It  is  usually  more  marked  in  the  leg,  especially  in  the 
movements  of  locomotion,  than  in  the  arm.  The  face  and  the  tongue 
are  rarely  affected,  but,  as  we  shall  see  later,  phonation  and  articulation 
are  often  disturbed.  When  unilateral  the  ataxia  of  the  trunk  cannot 
be  demonstrated  with  certainty,  though  the  asynergia  between  the 
trunk  and  the  lower  limbs  is  certainly  an  important  factor  in  the  dis- 
turbance of  gait.  The  dissimilarity  of  the  instability  in  gait  and  in 
standing  in  tabes  dorsalis  and  in  cerebellar  disease  is  further  shown 
by  the  absence  of  Romberg's  sign  in  the  latter.  Here,  as  the  defect  is 
not  due  to  loss  of  those  sensory  components  that  control  equilibrium, 
it  cannot  be  in  any  way  compensated  by  vision.  The  subject  of  cere- 
bellar disease  therefore  does  not  become  more  unsteady  when  his  eyes 
are  closed. 

Disturbances  of  Gait. — The  disturbance  of  gait  in  cerebellar  disease 
is  one  of  its  most  prominent  symptoms.  If  the  disease  is  bilateral  the 
patient  staggers  and  sways  about  like  a  drunken  person,  in  fact  prob- 
ably no  other  common  simile  in  medicine  is  so  justified  as  the  term 
"drunken"  gait  (demarche  ebrieuse)  of  cerebellar  disease;  the  patient 
staggers  and  reels  from  side  to  side,  deviates  from  his  normal  line  of 
progression  and  recovers  himself  awkwardly;  he  raises  his  feet  irregularly 
and  fails  to  bring  them  to  the  ground  in  a  normal  relation  to  one  another. 
At  the  same  time  the  feet  are  kept  widely  separated  so  as  to  broaden 
the  base  of  support,  and  the  toes  are  generally  directed  outward  by 
outward  rotation  of  the  limbs. 

Unilateral  cerebellar  lesions  produce  an  even  more  characteristic 
though  less  severe  disturbance  of  gait.  There  is  less  difficulty  in  main- 
taining equilibrium,  but  the  patient  staggers,  recovers  his  balance 
awkwardly,  and  shows  a  tendency  to  reel  toward  the  side  of  the  lesion. 
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Further,  there  is  an  almost  constant  ten- 
dency, if  the  disease  is  acute,  to  deviate 
from  the  direct  hne  of  progression  toward 
the  side  of  the  lesion,  and  it  can  be  fre- 
quently observed  that  the  patient  at- 
tempts to  compensate  this  by  rotating 
his  trunk  on  its  long  axis  toward  the 
opposite  side,  so  that  the  shoulder  of  the 
affected  side  stands  in  advance  of  its 
fellow,  as  if  he  desired  to  deviate  from  his 
acutal  line  of  progression  toward  the 
normal  side.  The  patient  is  often  aware 
of  this  tendency  to  deviate  toward  the 
side  of  the  disease;  a  patient  with  a 
tumor  of  the  left  lateral  lobe  of  the  cere- 
bellum once  told  me:  "I  know  I  am 
always  going  to  the  left,  but  I  can't  help 
it.  I  feel  as  if  something  were  pulling 
me  over."  Furtlier,  the  affected  leg  is 
generally  abducted  and  rotated  outwards, 
and  its  movements  are  ataxic. 

Speech. — Speech  often  presents  charac- 
teristic alterations,  generally,  however, 
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only  with  extensive  disease;  it  becomes  slow,  explosive,  and  scanning, 
and  is  often  slurred.  This  seems  to  be  a  result  of  the  incoordination 
of  the  mechanisms  of  plionation  and  articulation. 

Ocular  Movements. — But  e\'en  more  characteristic  is  an  afl^'ection 
of  the  ocular  movements.  Ocular  palsies  are  never  a  direct  result  of 
cerebellar  disease,  though  they  not  infrequently  occur  in  cases  of  tumor 
or  abscesses  owing  to  pressure  transmitted  directly  or  indirectly  to 
the  nuclei  of  the  ocular  nerves.  Thus  the  sixth  nerve  suffers  the  most 
frequently,  but  tumors  in  the  anterior  part  of  the  vermis  may  produce 
a  palsy  of  the  trochlear  or  of  some  part  of  the  oculomotor  nerve.  Weak- 
ness of  lateral  conjugate  movement  of  the  eyes  toward  the  side  of  the 
lesion  is  probably  also  only  an  indirect  effect.  The  "skew  deviation," 
originally  observed  by  Magendie,  seems,  how^ever,  to  be  attributable 
to  the  disease  of  the  cerebellum  itself. 

Nystagmus. — Nystagmus  is  a  common  and  very  valuable  localizing 
sign  of  local  cerebellar  lesions.  It  is  almost  certainly  a  true  cerebellar 
symptom,  though  Bing  has  regarded  it  as  an  effect  of  the  pressure  of 
the  cerebellar  disease  on  the  abducent  nucleus,  or  on  the  dorsal  longi- 
tudinal bundle.  It  is  rarely  observed  on  direct  forward  fixation  of  the 
eyes,  except  with  severe  and  acute  lesions,  and  generally  appears  only 
on  lateral  or  more  rarely  on  vertical  movements.  When  the  cerebellar 
disease  is  unilateral  the  nystagmus  is  most  marked  on  conjugate  devia- 
tion of  the  eyes  toward  the  side  of  the  lesion,  and  consists  of  a  rela- 
tively slow  forcible  jerking  movement  in  this  direction  and  a  gradual 
recession  toward  the  middle  line.  On  conjugate  deviation  toward  the 
opposite  side  the  nystagmoid  movements  are  more  rapid,  but  smaller 
in  range.  The  nystagmus  is  almost  invariably  conjugate,  i.  e.,  the  eyes 
move  simultaneously  and  equally.  Nystagmus  is  less  commonly  asso- 
ciated with  vertical  movements  of  the  eyes,  and  when  it  occurs  is 
generally  rotatory,  in  the  direction  of  the  movement  and  toward  the 
side  of  the  lesion.  Nystagmus  is  such  a  common  symptom  of  laby- 
rinthine disease  that  its  differentiation  must  be  considered.  This  is 
not  easy,  except  by  exclusion  of  vestibular  disease,  but  Barany's 
observations  tend  to  show  that  the  suppression  of  calorific  nystagmus 
associated  with  spontaneous  nystagmus,  indicates  a  central  lesion  in 
the  cerebellum  or  pons  Varolii. 

Nystagmus  is  much  more  common  in  acute  than  in  chronic  cere- 
bellar disease;  it  is  rarely  prominent  in  the  slowly  progressive  atrophies. 

Hypotonia. — Hypotonia  is  another  true  symptom  of  cerebellar  dis- 
ease, though  it  is  usually  prominent  only  in  cases  of  acute  lesions. 
Like  the  ataxia  it  is  more  or  less  limited  to  the  limbs  homolateral  to 
the  lesion.  It  shows  itself  in  the  unnaturally  large  range  of  passive 
movement;  by  the  absence  or  diminution  of  the  resistance  that  well- 
toned  muscles  offer  to  stretching,  and  by  their  flaccid  consistence.  If 
a  hypotonic  arm  is  held  below  the  elbow  and  passively  shaken  the 
hand  and  fingers  can  be  seen  to  flap  about  like  the  limb  of  a  flail,  quite 
unlike  a  normal  limb. 

Another  sign  of  the  hypotonicity  was  described  originally  by  Holmes 
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and  Stewart;  the  patient  is  asked  to  place  liis  elbow  on  a  table  or  other 
rest  and  to  Hex  his  forearm  as  strongly  as  possible,  the  observer  resist- 
ing the  movement  by  grasping  his  wrist.  When  the  wrist  is  suddenly 
released  the  forearm  rapidly  flexes  for  a  short  distance,  but  if  the  limb 
is  normal  it  is  quickly  brought  to  rest  by  the  sudden  reflex  tonic  con- 
traction of  the  antagonists  of  the  contracting  muscles,  i.  e.,  the  triceps; 
and  if  the  limb  is  spastic  there  may  be  a  considerable  recoil.  In  cere- 
bellar hypotonia,  on  the  other  hand,  the  movement  is  not  checked  by 
this  reflexly  excited  contraction  of  the  triceps,  and  the  forearm  con- 
tinues to  move  until  flexion  is  no  longer  physically  possible. 

Paresis  and  Astasia. — Paresis  or  asthenia  of  the  homolateral  muscles 
has  been  emphasized  by  Luciani  as  an  important  sign  of  cerebellar 
disease,  but  it  occurs  in  man  only  with  acute  and  extensive  lesions, 
and  is  usually  only  transient.  The  defective  coordination  and  synergy 
of  the  affected  limbs  may  easily  give  an  erroneous  impression  of  their 
strength.  The  affected  limbs  are  often  tremulous,  and  the  head  when 
unsupported  may  sway  from  side  to  side  in  small  oscillations.  This 
may  be  in  part  due  to  the  deficient  cooperation  of  those  muscles  which 
by  their  coordinated  activity  should  maintain  the  steady  attitude,  but 
astasia  or  tremulousness  seems  to  be  a  specific  cerebellar  symptom ;  it 
is  due,  as  Luciani  has  shown  by  his  experiments,  to  the  failure  of  com- 
plete fusion  of  the  individual  muscular  contractions.  Patrizi  has 
demonstrated  it  graphically. 

Catalepsie  Cerebelleuse. — Despite  this  tremulousness,  which  is  so 
common  in  acute  cerebellar  diseases,  certain  patients  show  a  remark- 
able ability  to  maintain  attitudes  as  well  or  even  longer  than  normal 
persons.  Babinski  has  described  this  as  catalej)sie  cerebelleuse.  He 
tests  it  by  placing  the  patient  on  his  back,  with  his  thighs  flexed  on 
his  pelvis,  the  legs  flexed  at  the  knees  and  the  feet  separated;  at  first 
there  is  the  usual  pathological  tremulousness,  but  the  limbs  soon  become 
steady  and  may  then  remain  immobile  in  this  difficult  attitude  for  a 
remarkable  time.  This  is  rarely  a  prominent  symptom,  and  it  seems 
probable  that  even  the  cases  in  w^hich  Babinski  originally  described 
it  were  not  instances  of  pure  cerebellar  disease.  Kleist  has  shown  that 
this  symptom  also  occurs  in  motor  and  ideomotor  apraxia,  and  it  may 
be  consequently  due  to  a  lesion  of  the  frontopontine  fibers. 

Adiadokokinesia. — A  more  valuable  sign  also  described  by  Babinski  is 
that  which  has  become  known  by  the  term  adiadokokinesia;  it  consists 
of  the  inability  to  execute  rapidly  repeated  movement  at  a  normal 
rate.  It  is  best  tested  by  making  the  patient  flex  his  elbows  to  a  right 
angle,  and  then  pronate  and  supinate  his  forearms  as  rapidly  as  he  can. 
If  the  cerebellar  aflfection  is  unilateral  the  symptom  is  very  prominent; 
the  movements  of  the  affected  limb  are  slower,  less  regular,  and  less 
complete  in  range  than  those  of  the  normal  side,  and  as  the  attempt  is 
persisted  in  they  become  wilder,  so  that  eventually  the  patient's  aim 
cannot  be  recognized  in  his  efforts.  In  many  normal  persons  this  rapid 
succession  of  movements  is  not  executed  so  well  with  the  left  arm  as 
with  the  right,  but  when  it  is  present  adiadokokinesia  is  so  prominent 
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that  there  can  be  no  danger  of  mistaking  it.  This  symptom,  however, 
is  not  always  present  in  eve;i  extensive  disease  of  the  cerebellum,  nor 
is  it  pathognomonic  of  cerebellar  lesions. 

Vertigo. — \'ertigo  is  usually  described  as  a  common  symptom  of 
cerebellar  disease,  but  it  is  usually  in  cases  of  tumor  or  abscess  of  this 
organ  that  it  occurs,  and  as  the  pressure  these  conditions  produce  is 
liable  to  affect  the  vestibular  nerves  or  their  pontine  nuclei  it  is  prob- 
able that  the  vertigo  is  not  a  direct  effect  of  the  cerebellar  lesion. 
Still  it  must  be  admitted  that  it  is  often  met  with  in  cases  of  atrophy 
of  the  cerebellum,  and  may  thus  be  regarded  as  a  cerebellar  symptom. 
Unhappily  vertigo  or  the  commoner  English  words  "giddiness"  and 
"dizziness,"  are  applied  to  widely  different  conditions,  so  that  it  is 
always  necessary  to  ascertain  exactly  what  the  patient  denotes  by 
them. 

These  terms  are  commonly  applied  indifferently  to  two  states :  either 
to  an  indefinite,  usually  indescribable  sensation  of  insecurity  or  unsteadi- 
ness, with  a  feeling  of  faintness  and  confusion,  or  even  a  momentary 
obscuration  of  consciousness,  and  dimness  of  vision;  or  to  a  subjective 
movement  of  self  or  of  surrounding  objects,  generally  as  a  rotation 
about  the  longitudinal  axis  of  the  patient  himself,  associated  or  not 
with  some  actual  movement.  The  former  variety  is  of  no  localizing 
value;  it  may  result  from  various  causes  and  is  common  in  all  condi- 
tions of  increase  of  intracranial  pressure.  True  vertigo,  on  the  other 
hand,  is  an  important  symptom  in  cerebellar  and  vestibular  disease, 
but  as  it  is  entirely  subjective  it  must  be  investigated  with  care.  Some 
years  ago  in  conjunction  with  Dr.  Grainger  Stewart  I  published  records 
to  show  that  in  cases  of  unilateral  cerebellar  tumor  the  apparent  move- 
ment of  objects  in  front  of  the  patient  is  from  the  side  of  the  lesion 
toward  the  healthy  side,  and  that  the  subjective  rotation  of  self  is  in 
the  same  direction.  With  extracerebellar  tumors,  or  tumors  of  the 
pontocerebellar  angle,  which  always  compress  or  involve  the  vestibular 
nerve,  we  found  that  the  apparent  rotation  of  external  objects  was 
in  the  same  direction,  i.  e.,  from  the  affected  toward  the  healthy  side, 
but  the  subjective  movement  of  self  in  the  opposite  direction.  Others 
have  failed  to  confirm  this  relation,  though  I  have  been  able  to  sub- 
stantiate it  in  numerous  cases.  Occasionally  the  vertigo  consists  in  an 
apparent  vertical  movement  of  self  or  of  external  objects;  its  localizing 
value  is  uncertain,  but  it  is  said  to  occur  most  frequently  with  tumors 
in  the  anterior  vermis,  possibly  with  such  as  compress  the  corpora 
quadrigemina. 

Other  Symptoms. — No  form  of  sensation  is  affected  by  disease  limited 
to  the  cerebellum;  repeated  observations  have  failed  to  show  any  defects 
of  deep  sensibility,  as  Lewandowsky's  views  would  necessitate,  or  any 
diminution  in  the  appreciation  of  weights,  as  Lotmar  has  described. 

The  superficial  and  deep  reflexes  are  also  unaltered  in  pure  cere- 
bellar disease,  or  the  knee-jerks  may  be  found  slightly  exaggerated. 
The  sphincter  functions  too  are  unaffected. 

Finally,  the  cerebellum  is  in  no  way  concerned  with  the  psychical 
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processes,  and  no  component  of  mind  is  uU'ected  by  its  disease.  It  is 
true  tliat  idiocy  or  some  form  of  mental  deficiency  is  often  observed 
associated  with  congenital  or  early  ac(inired  cerebellar  disease,  but  this 
can  be  attributed  only  to  disease  of  other  parts  of  the  brain. 

Recovery  of  Cerebellar  Symptoms— It  is  a  fact  emphasized  by  all  physi- 
ologists and  confirmed  by  clinical  observations  that  the  early  and  severe 
symptoms  which  result  from  acute  cerebellar  lesions  gradually  diminish 
and  may  even  disappear  completely.  The  explanation  of  this  common 
observation  probably  lies  in  the  fact  that  these  early  symptoms  are 
partly  due  to  the  shock  of  the  acute  lesion  on  other  parts  of  the  central 
nervous  system  closely  related  to  the  cerebellum,  or  to  that  dynamic 
factor  which  von  Monakow  has  defined  as  diaschisis,  a  functional 
depression  due  to  passive  inhibition  of  centres  intimately  associated 
in  function  with  that  destroyed.  As  this  diaschitic  effect  passes  off 
the  symptoms  diminish  in  intensity.  A  further  factor  in  the  early 
improvement  is  the  functional  readjustment  of  the  nervous  mechan- 
isms disturbed  by  the  lesion:  it  is  a  well-known  instance  that  though 
section  of  one  vestibular  nerve  produces  violent  forced  movements  and 
disturbances  of  equilibrium,  the  immediate  section  of  the  opposite 
never  diminishes  these  symptoms;  it  establishes  a  relative  functional 
equilibrium.  Similarly  the  gradual  readjustment  of  the  functional 
balance  that  a  local  lesion  of  the  cerebellum  has  disturbed  may  materi- 
ally diminish  its  symptoms. 

But  the  amount  of  recovery  is  so  great,  and  the  amelioration  of 
symptoms  frequently  so  extraordinary  that  a  further  explanation 
must  be  sought.  That  which  has  been  generally  offered,  and  prac- 
tically the  only  one  considered  by  physiologists,  is  that  the  functions 
of  the  portions  diseased  are  replaced  or  compensated  by  the  vicarious 
activity  of  other  centres,  either  in  the  cerebellum  itself  or  elsewhere,  and 
particularly  by  the  forebrain.  There  can  be  no  question  but  that  one 
portion  of  the  cerebellum  can  to  some  extent  compensate  the  destruc- 
tion of  another  portion;  the  fact  that  there  is  generally  a  certain 
relation  between  the  intensity  and  permanence  of  the  symptoms  and 
the  extent  of  the  disease  is  evidence  of  it.  There  is  also  much  in 
support  of  the  hypothesis  that  the  gradual  amelioration  of  cerebellar 
symptoms  is  due  to  the  compensatory  activity  of  other  organs;  it  has 
been  repeatedly  demonstrated,  for  instance,  that  symptoms  of  a  uni- 
lateral cerebellar  lesion  recur  or  become  more  intense  if  the  opposite 
cerebral  hemisphere  is  injured,  and  Bickel  and  Jacob  have  shown  that 
if  in  a  dog  which  has  partially  reacquired  equilibrium  after  a  partial 
destruction  of  the  cerebellum  the  posterior  lumbar  roots  are  cut  the 
animal  becomes  more  or  less  permanently  unable  to  stand.  Human 
pathology,  too,  illustrates  the  same  fact,  as  it  is  recognized  that  recovery 
from  the  symptoms  of  a  cerebellar  tumor  that  is  removable  is  less  favor- 
able if  the  case  is  complicated  by  hydrocephalus  which  has  damaged 
the  forebrain.  We  may  thus  conclude  that  the  diminution  of  the 
symptoms  of  an  acute  destructive  lesion  of  the  cerebellum  can  be 
ascribed  to  at  least  three  factors:  the  passing  off  of  the  effect  of  shock 
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or  diasehisis  which  every  acute  lesion  prockices  on  functionally  asso- 
ciated parts;  to  the  readjustment  of  the  normal  functional  equilibrium 
which  was  upset  by  the  lesion;  and  to  the  vicarious  compensation  of 
the  part  destroyed  by  other  parts  of  the  nervous  s}\stem. 

Symptoms  of  Chronic  Cerebellar  Disease. — As  those  symptoms  which 
we  have  seen  supervene  on  acute  cerebellar  lesions  gradually  diminish 
with  time,  and  may  in  part  disappear,  we  must  now  consider  the 
symptoms  which  characterize  chronic  or  slowly  progressive  disease  of 
the  cerebellum.  These  are  represented  by  the  systemic  atrophies 
and  degenerations  of  the  cerebellum,  as  well  as  by  old  softenings  and 
hemorrhages,  and  by  neoplasms  that  have  become  latent. 

In  these  cases  it  frequently  happens  that  the  symptoms  are  much 
less  marked  than  might  be  expected  from  the  severity  and  extent  of 
the  disease. 

The  disturbances  of  movement  are  invariably  the  most  pronounced, 
and  it  is  especially  gait  that  is  affected.  Though  the  individual  and 
simple  movements  of  the  upper  extremities  may  be  executed  fairly 
well,  or  may  show  at  the  most  only  a  moderate  degree  of  ataxia,  the 
more  complex  acts  which  require  the  coordinated  and  synergic  co- 
operation of  many  groups  of  muscles  are  generally  grossly  ataxic.  Gait 
is  consequently  as  a  rule  very  severely  affected,  and  may  show  all  the 
characters  of  that  described  as  a  result  of  acute  cerebellar  lesions. 
The  patient  reels  and  staggers  from  side  to  side  as  a  drunken  man, 
and  equilibration  may  be  so  much  disturbed  that  support  becomes 
necessary. 

Yet  the  movements  of  the  lower  limbs  as  the  patient  lies  on  his  back, 
or  w^hen  fully  supported,  are  not  in  equal  degree  ataxic;  the  difficulty  in 
maintaining  equilibrium  and  directing  locomotion  is  consequently 
due  not  so  much  to  the  ataxia  of  the  legs  as  to  a  disturbance  of  the 
synergia  of  the  muscles  of  the  legs  and  trunk  which  is  necessary  for 
balance. 

But  the  limbs  never  escape  completely;  the  finer  movements  are 
at  least  awkw^ard  and  slow,  and  often  show  signs  of  asynergia  and 
dysmetria;  Babinski's  adiadokokinesia  can  be  usually  demonstrated. 
In  certain  forms  of  cerebellar  atrophy,  tremor,  when  the  limbs  are 
unsupported  or  even  during  motion,  is  a  prominent  symptom,  and 
oscillation  of  the  head  is  common  in  the  severer  cases.  When  the 
patient  stands  erect,  or  even  as  he  sits  more  or  less  unsupported,  the 
body  may  be  seen  to  sway  about  irregularly.  Occasionally  even  the 
movements  of  the  face,  both  volitional  and  expressional,  are  ataxic  and 
dysmetric;  while  speech  is  even  more  frequently  affected  than  in  acute 
cerebellar  disease,  being  slow  and  drawling,  or  explosive  and  scanning. 
Nystagmus  is,  on  the  other  hand,  not  so  common  or  so  characteristic. 
Vertigo  is  a  frequent  symptom;  it  is  usually  of  the  indefinite  variety, 
and  not  accompanied  by  any  definite  sense  of  rotation  of  self  or  of 
external  objects.  In  the  sudden  attacks  the  patient  may  lose  equi- 
librium, and  if  without  su])p()rt  may  fall. 

Hypotonia,  too,  has  been  frequently  described  as  a  symptom  of  chronic 
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ceroboUar  disease,  hut  tliougli  it  is  iindoiil)te(lly,  as  a  rule,  present,  it 
is  ill  my  experience  rarely  niarived  or  prominent.  The  afi'eeted  lin'ihs 
are  usually  feeble  in  relation  to  their  muscular  development,  but  local 
palsies  or  pareses  do  not  occur. 

The  reflexes  are  unaltered,  unless  their  normal  state  be  disturbed 
by  associated  lesions  of  other  parts;  and  sensation  remains  unaffected. 

Functional  Localization. — One  of  the  most  important,  and  one  of 
the  most  difficult  questions  on  which  we  must  touch  is  the  value  of 
the  symptoms  hitherto  described  in  the  localization  of  disease  in  the 
cerebellum;  on  the  answer  to  this  depends  the  success  with  which 
surgical  intervention  is  possible  in  those  forms  of  disease  which  are 
amenable  to  surgical  treatment. 

If  the  symptoms  of  lesions  in  different  portions  of  the  cerebellum 
differ  it  is  necessary  to  assume  the  separate  localization  of  certain 
functions  in  the  cerebellum.  We  must  consequently  refer  shortly  to 
any  evidence  there  is  of  functional  localization  in  this  organ.  This 
question  can  be  considered  from  different  points  of  view — in  the  first 
place  we  might  ask  if  any  of  the  essential  symptoms  of  cerebellar 
disease,  as  ataxia  or  atonia,  results  from  a  lesion  of  one  region  of 
the  cerebellum  only;  or  secondly,  if  any  portion  of  the  cerebellum 
is  concerned  more  or  less  exclusively  with  the  control  of  any  group 
of  muscles,  or  even  of  any  part  of  the  body,  as  of  an  arm  or  of  the 
eyes.  In  this  discussion  it  would  be  desirable  to  consider  the  cortex 
and  the  central  nuclei  separately,  but  we  know  as  yet  so  little  of 
the  functions  of  the  latter  that  they  cannot  be  profitably  discussed. 
For  years  Luciani's  view  that  the  cerebellum  is  a  functionally  homo- 
geneous organ  and  that  all  parts  of  the  cortex  are  functionally  equal, 
has  held  sway.  It  is  true  that  many  physiologists,  and  especially 
Ferrier,  obtained  different  motor  effects  from  the  electrical  stimu- 
lation of  different  regions  of  the  cortex;  but  it  was  generally 
believed,  and  has  been  now  shown,  that  these  motor  effects  were 
largely,  if  not  entirely,  due  to  spread  of  the  current  to  neighboring 
parts:  Horsley  and  Clarke  have  proved  that  the  cerebellar  cortex  is 
relatively  inexcitable.  Recent  work,  especially  by  the  Dutch  anatomist 
Bolk,  has  again  raised  interest  in  the  question.  From  an  extensive 
study  of  the  comparative  anatomy  of  the  cerebellum  he  came  to  the 
conclusion  that  certain  regions  of  this  organ  are  developed  in  relation 
to  the  activities  of  certain  parts  of  the  body,  and  therefore  assumed 
a  functional  correlation  between  them.  Shortly  stated,  he  believed 
that  the  unpaired  part  of  the  cerebellum — the  vermis— controls  bilater- 
ally synergic  movements,  as  those  of  the  trunk,  and  of  the  limbs  in 
gait,  while  each  lateral  lobe  is  the  centre  for  the  control  of  simple  and 
independent  homolateral  movements. 

This  view  has  been  further  elaborated  by  van  Rynberk  and  others; 
according  to  one  of  their  schemes  the  muscles  of  the  head,  eyes,  and 
larynx  are  represented  in  the  anterior  vermis,  next  in  order  posteri- 
orly the  muscles  of  the  neck  and  the  bilaterally  iInle^^'ated  nio\'enients 
of  the  limbs,  and  in  the  posterior  vermis  tiie  muscles  t)f  the  trunk. 
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By  the  anterior  portion  of  the  lateral  lobes  the  unilateral  movements 
of  the  upper  extremities  are  controlled,  and  the  lower  limbs  by  their 
posterior  halves.  These  views  have  received  some  supi^ort  from  the 
experiments  of  van  Rynberk,  Luna,  Pol,  Rothmann,  and  others,  but 
their  results  have  not  been  sufficiently  uniform  to  admit  a  general 
conclusion.  Clinical  observations  in  man  have  not  yet  tended  to 
confirm  this  theory  of  strict  localization  of  function  in  the  cerebellum, 
and  interesting  though  it  may  be,  and  possibly  important  for  future 
w  ork,  we  must  conclude  that  as  yet  it  has  no  clinical  significance. 

On  the  other  hand,  clinicians  from  the  time  of  Nothnagel's  observa- 
tions (1876)  have  been  inclined  to  ascribe  considerable  differences  to 
the  symptoms  evoked  by  disease  of  the  lateral  lobes  and  of  the  vermis, 
and  some  have  even  asserted  that  recognizable  symptoms  are  due  to 
affection  of  the  latter  only.  But  though  this  view  can  certainly  not 
be  maintained  there  is  no  doubt  that  a  lesion  of  the  vermis  generally 
produces  more  disturbance  than  one  of  equal  size  in  the  lateral  lobes, 
and  it  usually  shows  itself  more  prominently  in  the  affection  of  equilib- 
rium. There  seems  much  justification  for  Thomas'  assertion  that  the 
vermis  is  especially  concerned  in  the  maintenance  of  those  coordin- 
ations on  which  the  equilibrium  of  the  body  depends,  while  the  lateral 
lobes  regulate  the  individual  and  more  specialized  movements  of  the 
limbs. 

This  view  conforms  with  the  chief  anatomical  connections  of  each 
part;  it  is  the  vermis  that  receives  the  afferents  from  the  vestibulum, 
the  organ  of  equilibration,  and  the  direct  spinocerebellar  tracts,  while 
the  chief  connection  of  the  lateral  lobes  is  with  the  forebrain  which 
controls  and  regulates  the  more  specialized  movements  of  the  limbs. 

Finally,  the  most  important  clinical  application  of  the  doctrine  of 
cerebellar  localization  is  that  unilateral  lesions  of  the  cerebellum  pro- 
duce predominantly  homolateral  symptoms,  and  the  more  strictly 
unilateral  a  lesion  is,  and  the  less  it  invades  the  vermis,  the  more 
strictly  will  the  symptoms  be  homolateral. 

Disease  of  the  Cerebellar  Systems  and  Connections. — Following 
our  scheme  we  should  now  consider  what  are  the  special  symp- 
toms that  result  from  lesions  of  the  chief  connections  of  the  cere- 
bellum, but  unhappily  our  knowledge  is  here  so  incomplete  that  only 
a  short  summary  can  be  given.  It  has  been  already  pointed  out  that 
Marburg  and  Bing  obtained  motor  disturbances  more  or  less  similar  to 
those  produced  by  cerebellar  lesions  by  section  of  the  spinocerebellar 
tracts  in  animals;  and  their  degeneration  in  man,  as  in  Friedreich's 
disease,  produces  very  similar  symptoms.  Unhappily  degeneration 
of  them  alone  has  been  very  rarely  observed;  in  Friedreich's  disease 
it  is  associated  with  degeneration  of  the  dorsal  columns  and  of  the 
pyramidal  tracts.  However,  observations  tend  to  show  that,  as  distin- 
guished from  the  symptoms  of  lesions  of  the  cerebellum  itself,  the 
degeneration  of  these  tracts  produces  less  disturbance  of  equilibrium 
and  less  muscular  hypotonicity  in  relation  to  the  amount  of  inco- 
ordination: but  this  ataxia  is  very  similar  to  that  of  cerebellar  disease, 
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in  tliat  it  is  seen  chiefly  in  the  hirfjjer  and  more  complex  movements. 
No  other  spinal  tract  connected  with  the  cerebellum  is  liable  to  be 
att'ected  alone. 

It  is  only  in  the  corpus  restiforme  that  thp  various  cerebellar  con- 
nections are  liable  to  suffer,  uncomplicated  by  destruction  of  other 
tracts,  in  their  passage  through  the  bulb.  They  are  generally  involved 
here  by  softenings — as  that  which  results  from  lesions  of  the  posterior 
inferior  cerebellar  artery,  or  by  tumors.  The  immediate  symptoms 
are  generally  severe  and  gradually  diminish  with  time.  The  most 
pronounced  are  ataxia  of  the  homolateral  limbs,  a  gait  reeling  and 
staggering  chiefly  to  the  side  of  the  lesion,  and  marked  disturbance  of 
equilibrium  due  probably  to  involvement  of  the  vestibular  nerve  or 
its  nuclei  or  of  Deiters'  nucleus.  But  it  is  only  by  the  associated 
symptoms  due  to  disturbance  of  other  centres,  or  tracts,  that  lesions 
of  the  corpus  restiforme  can  be  safely  diagnosticated. 

Isolated  disease  of  the  cerebropontine  tracts  is  unknown,  though 
Thomas  has  found  them  degenerated  in  one  of  his  cases  of  olivo-ponto- 
cerebellar  atrophy.  The  middle  cerebellar  peduncles,  however,  are 
occasionally  affected  alone,  as  by  a  softening  in  their  course  or  in  the 
ventral  half  of  the  pons.  The  symptoms  such  lesions  produce  seem  to 
differ  from  those  due  to  a  homolateral  lesion  of  the  cerebellum  chieflv 
in  that  there  is  little  disturbance  of  equilibrium  though  considerable 
ataxia,  and  the  unsteadiness  and  tremulousness  of  unsupported  parts 
of  the  body  is  usually  very  pronounced.  In  one  case  I  have  seen  the 
irregularity  of  voluntary  movements  belonged  rather  to  the  intention- 
tremor  type. 

Forms  of  Cerebellar  Disease. — We  must  consider  what  are  the  chief 
forms  of  cerebellar  disease.  From  the  point  of  view  of  treatment  cere- 
bellar disease  may  be  divided  into  two  main  classes:  (1)  Intrinsic 
or  essential  diseases  of  the  cerebellum,  as  the  cerebellar  atrophies  and 
degenerations,  and  defects  due  to  congenital  lesions,  or  to  a  hypoplasia 
of  the  whole  or  part  of  the  organ.  (2)  Cases  in  which  the  cerebellar 
disease  is  due  to  some  extrinsic  lesion,  for  example,  its  involvement 
by  a  tumor,  or  abscess,  or  by  hemorrhage  or  a  necrotic  softening  due 
to  vascular  disease.  In  this  class,  too,  we  must  consider  the  disturb- 
ances of  function  due  to  compression  of  the  cerebellum  by  a  rise  of 
intracranial  pressure,  such  as  occurs  in  hydrocephalus. 

The  first  class,  that  w^hich  includes  the  intrinsic  or  essential  diseases 
of  the  cerebellum,  is  a  large  and  composite  group,  and  the  classification 
of  the  types  included  in  it  is  difficult;  such  an  attempt  at  classification 
as  the  following  will,  however,  make  our  subsequent  descriptions  more 
easy. 

1.  Agenesis  or  congenital  hypoplasia  of  the  whole  or  of  part  of  the 
cerebellum.  Many  of  these  cases  show  no  signs  of  functional  derange- 
ment, but  they  are  sometimes  associated  with  idiocy  or  epilepsy. 

2.  Primary  parenchymatous  degeneration  of  the  cerebellum,  either 
general  or  local,  but  limited  to  the  cerebellum  (Fraser,  Holmes).  It 
is  usually  hereditary  or  familial. 
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3.  Primary  hereditary  or  sporadic  cerebellar  degenerations  asso- 
ciated with  disease  of  other  parts  of  the  nervous  system,  either  of  the 
spinal  cord  (as  occasionally  in  Friedreich's  disease);  of  the  brain-stem 
(Thomas'  olivo-ponto-cerebellar  type);  or  of  the  forebrain. 

4.  Cerebellar  degenerations  secondary  to  toxic  influences,  or  menin- 
geal or  interstitial  changes. 

In  the  first  three  subgroups  the  disease  is  due  to  a  congenital  defi- 
ciency, or  a  congenital  or  hereditary  tendency  to  degeneration  of  all 
or  of  certain  of  the  functional  elements  of  the  cerebellum,  and  treat- 
ment can  neither  remove  the  disease  when  it  is  developed,  nor  check 
its  development.  The  sole  aim  of  therapeutics,  therefore,  can  be  to 
ameliorate  the  symptoms  w^hich  result  from  this  disease. 

In  the  fourth  subclass,  that  including  cerebellar  degenerations  due 
to  toxic,  interstitial,  or  meningeal  changes,  therapeutics  may  arrest 
the  development  of  the  disease  or  even  remove  it.  But  these  cases 
unhappily  form  only  a  small  proportion  of  the  cerebellar  degenerations. 
Rossi  and  ]Murri  have  observed  cases  in  which  a  primary  degeneration 
of  the  cerebellar  cortex  set  in  after  attacks  of  enteritis,  and  w-as  due 
apparent!}-  to  toxins  of  intestinal  origin.  In  such  cases  the  first  aim 
of  treatment  w^ould  evidently  be  the  removal  of  the  cause,  or  if  its 
nature  could  be  determined  an  attempt  to  neutralize  it. 

Primary  interstitial  disease  and  secondary  involvement  of  the  cere- 
bellar elements  may  be  illustrated  by  Schultze's  case,  in  which  a 
progressive  sclerosis  of  the  cerebellum  was  attributed  to  chronic 
alcoholism,  or  by  the  cases  of  Michell  Clarke  and  Catola,  in  which 
diffuse  foci  of  sclerosis  were  found  throughout  the  cerebellum,  as 
well  as  elsew^here  in  the  central  nervous  system.  In  certain  of  the 
senile  atrophies  it  seems  probable  that  the  disease  is  secondary  to 
arteriosclerosis.  Occasionally  this  type  of  disease  is  of  syphilitic 
origin;  in  Southard's  case,  for  instance,  the  atrophy  of  the  cortex  w^as 
associated  with,  probably  in  the  relation  of  effect  and  cause,  chronic 
congenital  syphilitic  leptomeningitis.  In  one  of  Vogt's  and  Askwatza- 
turow's  cases,  too,  the  disease  was  probably  secondary  to  a  meningitis. 
In  such  cases  there  is  no  doubt  that  if  the  primary  disease  be  syphilitic 
early  and  adequate  treatment  on  the  lines  laid  down  in  the  chapter 
on  the  Treatment  of  Syphilitic  Disease  of  the  Nervous  System  would 
be  effective.  The  great  probability  is  that  in  most  of  these  cases  the 
meningitis  is  syphilitic,  and  as  it  is  the  form  of  disease  which  is  most 
under  our  control  all  possible  efforts  should  be  made  to  confirm  any 
suspicions  there  may  be  by  the  Wassermann  test  applied  to  the  blood 
and  the  cerebrospinal  fluid,  and  by  the  chemical  and  c}'tological 
examination  of  the  fluid. 

Other  forms  of  meningitis,  how^ever,  may  produce  structural  changes 
in  the  cerebellum  or  the  symptoms  of  cerebellar  disease.  I  have  seen 
diffuse  atrophy  of  the  cerebellar  cortex  subsequent  to  a  posterior  basic 
meningitis.  On  the  other  hand,  as  Liithje  has  pointed  out,  the  majority 
of  those  cases  of  acute  ataxia  which  come  on  during  or  after  infective 
diseases  are  not  of  purely  cerebellar  origin,  but  are  more  frequently  due 
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to  diffuse  cerebrospinal  lesions;  in  Ebstein's  case,  for  instance,  it  could 
be  attributed  only  to  diffuse  meningeal  and  perivascular  lesions 
throughout  the  spinal  cord  and  medulla  oblongata.  Finally  it  is 
now  known  that  acute  cerebellar  ataxia  may  re«uk  from  iin  olvement 
the  cerebellum  by  acute  poliomyelitis  or  polioencephalitic  lesions;  and 
unhappily  when  these  develop  treatment  can  be  directed  only  to  a 
j)ossible  amelioration  of  the  symptoms. 

We  must  now  consider  what  treatment  can  effect  in  those  cases  in 
which  we  are  unable  to  remove  the  disease  or  influence  its  course.  The 
reply  is  disappointing,  for  it  must  be  admitted  that  of  all  the  svmptoms 
of  nervous  disease  probably  none  is  so  little  influenced  by  therapeutics, 
medicinal  or  mechanical,  reeducative  or  surgical,  as  the  motor  dis- 
turbances of  cerebellar  origin,  and  these  are  usually  the  predominant 
symptoms  with  which  the  patient  comes  under  observation.  Drugs 
are  useless,  and  the  symptoms  do  not  depend  on  paresis  of  the  muscles, 
or  contractions  or  rigidity  such  as  might  be  influenced  by  massage, 
active  or  passive  movements,  or  hydrotherapeutics. 

The  brilliant  results  obtained  by  the  employment  of  Frenkel's  re- 
educative  exercises  in  the  treatment  of  tabetic  ataxia  have  probably 
repeatedly  raised  vain  hopes  that  by  them  the  disturbance  of  gait  and 
the  incoordination  of  movement  in  cerebellar  disease  might  be  relieved, 
but  an  analysis  of  the  nature  of  the  defect  in  these  two  types  of  disease 
must  show  that  such  hopes  are  vain.  For  while  tabetic  ataxia  is  depen- 
dent chiefly  on  loss  of  the  peripheral,  sensory  and  non-sensory,  afferents 
which  control  movement,  and  can  be  consequently  relieved  by  teach- 
ing the  patient  to  replace  these  by  vision,  the  ataxia,  or  a  synergia 
and  dysmetria  of  cerebellar  disease,  results  from  a  disturbance  of  the 
central  coordinating  mechanism,  on  the  functional  integrity  of  which 
the  accuracy  and  precision  of  movement  depends.  And  experience 
has  confirmed  this  a  priori  argument;  in  my  own  experience,  and  it 
agrees  with  that  of  others,  little  manifest  improvement  follows  the 
most  careful  and  persistent  attempts  to  train  chronic  and  stationary 
cases  with  recent  cerebellar  ataxia,  and  the  diminution  that  may 
gradually  occur  in  the  symptoms  of  recent  cerebellar  lesions  is  only 
that  w^iich  may  be  expected  independent  of  the  training.  But  proper 
supervision  and  care  is  not  wholly  useless  in  such  cases.  It  is  in  the 
first  place  usually  evident  that  the  intensity  of  the  symptoms  depends 
largely  on  the  general  health  and  strength  of  the  patient;  when  he 
is  run  down  or  in  any  way  exhausted  he  has  more  trouble  in  carrying 
out  the  movements  than  when  in  good  health.  It  is  consequently 
always  advisable  to  maintain  his  general  health  at  as  high  a  level  as 
possible. 

Further,  w^hen  the  patient  is  tired  or  exhausted  his  symptoms  become 
more  pronounced,  and  there  is  evidence  that  the  stress  of  exertion  or 
overwork  may  lead  to  even  a  permanent  increase  in  the  symptoms. 

Vertigo,  alone  or  associated  with  tinnitus,  is  often  one  of  the  most 
distressing  symptoms;  it  seems  to  be  most  frequent  in  the  senile  atro- 
phies which  are  associated  with  arteriosclerosis,  and  can  be  often 
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relieved  by  the  treatment  of  this  condition.  I  have  found  moderate 
doses  of  iodides  and  bromides  combined  with  arsenic  efi'ective. 

But  if  therapeutics  can  do  little  for  the  intrinsic  atrophies  and  degen- 
erations of  the  cerebellum  it  is  happily  often  otherwise  with  that  group 
of  cases  which  I  haxe  included  under  the  term  extrinsic  diseases — that 
is,  cases  in  which  the  symptoms  are  due  to  the  involvement  or  com- 
pression of  the  cerebellum  by  a  tumor  or  an  abscess,  or  by  a  general 
rise  of  intracranical  pressure.  In  such  cases  surgical  intervention 
frequently  yields  brilliant  results,  but  these  depend  in  the  first  place 
on  the  early  diagnosis  and  the  accurate  localization  of  the  disease. 
As  the  surgical  treatment  of  these  cases  is  dealt  wdth  in  another  chapter 
we  are  concerned  here  only  with  the  principles  on  which  diagnosis  and 
localization  of  the  disease  depend. 

Cerebellar  Tumor. — Gliomas  are  the  most  common  tumors  of  the 
cerebellum  at  all  ages.  These  are  usually  very  cellular  and  grow  rapidly, 
though  not  infrequently  they  have  an  extraordinarily  slow  course. 
Many  unhappily  infiltrate  the  tissue  around  them  widely,  and  if  they 
start  in  the  lateral  lobe  are  liable  to  extend  into  the  middle  cerebellar 
peduncle,  or  even  into  the  pons  or  medulla  oblongata.  Frequently 
they  undergo  central  necrosis  with  the  formation  of  a  cyst,  which  by 
the  accumulation  of  degeneration  products  and  fluids  within  it  may 
compress  the  actively  growing  tumor  so  severely  as  to  inhibit  or  check 
its  further  growth.  Occasionally  w^hen  such  a  cyst  is  examined  post 
mortem  it  is  found  with  sclerosed  w^alls  and  with  but  little  mahgnant 
growth  around  it.  As  gliomata  tend  to  infiltrate  rather  than  destroy 
the  tissues  they  may  produce,  even  when  large,  general  symptoms  of 
intracranial  pressure  without  pronounced  local  symptoms.  And  as 
they  infiltrate  wddely  their  surgical  treatment  is  usually  unsatisfactory, 
as  complete  removal  is  often  not  possible  and  consequently  recurrence 
is  likelv. 

Tuberculous  tumors  are  probably  the  next  most  common,  especiall}^ 
in  childhood.  They  usually  produce  distinct  symptoms,  but  the 
danger  of  disseminating  the  tubercular  disease  through  the  meninges 
makes  them  unfavorable  for  surgical  measures.  Often,  however,  they 
seem  to  become  latent  and  then  their  symptoms  gradually  diminish. 
Gummata  in  the  cerebellum  are  relatively  uncommon  considering 
the  frequency  of  cerebrospinal  syphilis,  and  I  have  only  rarely  seen 
malignant  metastases  involve  the  cerebellum. 

Though  very  rare  in  Great  Britain  echinococcus  and  cysticercus 
cysts  occur  frequently  on  the  continent  of  Europe  or  elsewhere.  Simple 
cysts  also  occur  and  are  probably  the  most  favorable  of  all  tumors 
from  the  surgical  point  of  view;  their  pathology  is  obscure,  but  it  seems 
probable  that  they  are  either  congenital  cavities  W'hich  only  produce 
symptoms  in  later  life  by  the  accumulation  of  fluid  within  them;  or  they 
may  be  due  in  the  first  place  to  the  adliesion  of  folia  of  the  cerebellum 
together  by  a  slight  meningitis  and  the  formation  of  a  retention  cyst 
in  the  sulcus  between  them. 

Not  infrequently  the  symptoms  of  a  tumor  of  the  cerebellum  are  due 
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to  its  compression  by  a  growth  outside  it.  Endothelioma ta  of  tiie  dura 
mater  of  the  posterior  fossa  or  osteomata  may  compress  the  cere- 
belkmi,  but  the  most  common  cause  is  a  fibroma  or  neurofibroma  of 
the  cerebellopontine  angle,  growing  from  one  of  the  cranial  nerves. 
The  majority  of  these  tumors  arise  in  connection  with  the  eighth  nerve, 
and  are  merely  fibromata  of  the  same  structure  as  the  so-called  neuro- 
fibromata  of  other  nerves.  They  frequently  undergo  myxomatous 
or  other  degenerative  changes  in  places.  Less  commonly  they  are 
found  attached  to  the  fifth  or  the  seventh  nerve.  They  are  occasionally 
part  of  a  general  neurofibromatosis,  and  may  be  bilateral,  as  in  the 
cases  described  by  Henneberg  and  Koch  and  Stewart  and  Holmes. 

A  rarer  form  of  tumor  which  may  compress  the  cerebellum  is  a 
cholesteatoma.  This  usually  develops  from  the  middle  ear  and  extends 
inward  along  the  internal  auditory  meatus  to  the  posterior  fossa. 

Symptoms. — As  a  rule  careful  examination  will  reveal  symptoms  as 
definite  and  characteristic  as  those  produced  by  tumors  in  any  other 
region  of  the  nervous  system.  These  may  be  divided  into  the  general 
symptoms  of  intracranial  tumor,  the  local  or  direct  symptoms,  and 
the  accessory  symptoms  due  to  direct  or  indirect  affection  of  neigh- 
boring parts.    (Plate  XLVIII,  Fig.  1.) 

General  Symptoms.- — The  general  symptoms  are  those  due  to  the 
pathological  increase  of  intracranial  pressure.  Headache  is  almost 
inevitable,  and  is  often  extremely  severe  and  persistent.  It  is  generally 
most  intense  in  the  occipital  region  and  often  is  described  as  spreading 
down  the  back  of  the  neck;  it  may  be  associated  with  a  local  tenderness 
of  the  skull  to  pressure  or  percussion.  Occasionally  the  headache  is 
chiefly  frontal  or  vertical.  Vomiting,  too,  is  almost  invariably  present; 
but  it  differs  in  no  way  from  that  which  occurs  with  other  intracranial 
growths.  Optic  neuritis  is  almost  constant;  personally  I  have  not  seen 
a  case  of  intracerebellar  tumor  in  which  it  was  not  present  when  the 
patient  first  came  under  observation,  and  its  absence  has  been  very 
rarely  noted.  The  amount  of  swelling  and  exudation  is  probably  on 
the  average  greater  than  with  supratentorial  tumors,  and  loss  of 
vision  may  set  in  early.  Its  greater  intensity  in  one  eye  cannot  be 
accepted  as  a  reliable  guide  to  the  side  of  the  cerebellum  involved  by 
the  tumor. 

Local  and  Direct  Sytviptoms. — The  local  or  direct  symptoms  of 
cerebellar  growth  are  those  of  local  cerebellar  disease  which  we  have 
already  dealt  with;  here  we  can  only  refer  to  them  as  signs  of  value 
in  the  exact  localization  of  the  site  of  the  tumor.  As  a  rule,  the  more 
rapid  the  evolution  of  the  tumor,  and  the  more  destructive  it  is,  the 
more  pronounced  and  definite  are  the  symptoms.  But  it  is  also  in  such 
cases  that  the  i)hysical  signs  are  often  obscured  or  complicated  by  the 
indirect  pressure  which  the  tumor  exerts  on  portions  of  the  cerebellum 
if  does  not  involve,  or  on  neighboring  organs  in  the  brain-stem;  for 
instance  a  tumor  that  involves  only  one  lateral  lobe  of  the  cerebellum 
may  disturb  the  functions  of  the  vermis,  or  even  those  of  the  opposite 
lateral  lobe,  as  well  as  those  of  the  pons  and  medulla. 


PLATE  XLVIII 

Fiy.  I 

Cerebellum        Medulla  TiimoH 


R. 


A  Tumor  of  the  Cerebellopontine  Angle  (Fibroma  of  the  Eighth  Nerve) 
Compressing  tlie  Cerebellum  and  Brain  Stem.    (Holmes  and  Stewart.) 


Fig.  2 


"Skew  Deviation"  after  Removal  of  a  Tumor  from  tlie  Left  Lateral  Lobe 
of  the  Cerebellum:  the  left  eye  is  directed  downward  and  inward,  the  right 
eye  upward  and  outward.     (Holmes  and  Stewart.) 
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Ataxia. — Ataxia  is  usually  the  most  prominent  sym])tom;  when  the 
tumor  lies  in  one  lateral  lobe  this  is  exclusively  or  predominantly  present 
in  the  homolateral  limbs.  If  the  vermis  is  involved  it  is  bilateral  and  as 
I  a  rule  relatively  greater.  It  is  more  marked  when  the  lesion  involves 
one  of  the  peduncles,  especially  the  inferior,  than  when  it  is  superficial. 
If  the  superior  peduncle  be  affected  the  disturbance  of  movement  fre- 
quently approximates  to  the  intention-tremor  type  rather  than  to  the 
characteristic  ataxia.  Apart  from  this  it  cannot  be  said  that  the  ataxia 
is  a  guide  to  the  exact  site  of  the  lesion.  As  in  all  acute  lesions  the 
disturbance  of  equilibrium  in  gait  is  more  prominent  than  the  ataxia 
of  the  simpler  movements;  in  unilateral  tumors  the  patient  reels 
and  staggers  to  the  side  of  the  lesion,  but  this  rule  is  not  absolute  as 
the  reeling  occasionally  is  chiefly  tow^ard  the  sound  side;  this  seems 
to  be  due  mainly  to  a  volitional  attempt  of  the  patient  to  compensate 
the  defects  the  lesion  produces  by  shifting  his  centre  of  gravity  as  far 
as  possible  toward  the  healthy  side.  In  tumors  of  the  vermis  or  those 
of  bilateral  extension  gait  is  usually  much  more  impaired.  From  my 
own  observation  it  seems  probable  that  tumors  in  the  anterior  portion 
of  the  cerebellum  produce  less  disturbance  of  coordination  and  equilib- 
rium than  those  situated  posteriori}^ 

Frequently  unilateral  tumors  produce  a  more  or  less  characteristic 
attitude  of  the  head;  it  is  generally  rotated  with  the  chin  toward  the 
healthv  side  and  at  the  same  time  flexed  toward  the  affected  side,  so 
that  the  occiput  approaches  the  shoulder  on  the  side  of  the  tumor. 

Hypotonia  and  paresis  seem  to  be  more  pronounced  when  the 
inferior  peduncle  and  the  central  nuclei  are  involved. 

Nystagmus. — Nystagmus  is  one  of  the  most  valuable  symptoms; 
as  described  above  it  is  usually  apparent  only  on  lateral  movement 
of  the  eyes,  and  the  conjugate  excursions  are  slow^er,  more  forcible  and 
wider  in  range,  on  movement  toward  the  affected  than  to  the  healthy 
side.  Nystagmus  on  vertical  movements  of  the  eyes  suggests  a  lesion 
in  the  anterior  portion  of  the  cerebellum  and  is  thus  a  valuable  localizing 
symptom. 

Vertigo. — Vertigo  is  certainly  much  more  common  and  of  a  more 
definite  type  in  lesions  of  the  postero-inferior  portions  of  the  cerebellum 
than  elsewhere;  this  is  probably  due  to  the  fact  that  it  results  chiefl}' 
from  disturbance  of  the  vestibular  connections.  True  vertigo  with 
a  distinct  sense  of  rotation  of  self  and  of  surrounding  objects  is  in  my 
experience  rare  with  tumors  in  other  parts  of  the  cerebellum.  Despite 
the  lack  of  confirmation  by  other  clinicians  I  am  convinced  of  the 
importance  of  the  directions  of  the  apparent  rotations  as  a  differential 
sign  in  the  diagnosis  of  unilateral  intracerebellar  and  pontocerebellar 
tumors;  in  the  former  the  movement  of  both  self  and  the  external 
world  seems  to  be  from  the  affected  toward  the  healthy  side,  but  in 
the  latter  class,  self  seems  to  rotate  toward  the  affected  side,  but  external 
objects  from  the  affected  to  the  normal  side. 

Accessory  Symptoms. — But  it  is  largely  on  the  accessory  symptoms 
that  we  must  rely  in  the  localization  of  the  site  of  the  lesion.   In  this 
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respect  ocular  palsies  are  important.  Disease  limited  to  the  cerebellum 
cannot  produce  directly  paralysis  of  any  ocular  muscle,  or  palsy  of 
any  movement;  in  cases  of  cerebellar  tumor,  however,  palsies  are  not 
infrequent,  for  they  result  either  from  a  general  rise  of  intracranial 
pressure,  or  from  compression  of  those  parts  of  the  brain-stem  that 
contain  the  ocular  nuclei.  Isolated  palsy  of  one  external  rectus  is  most 
commonly  due  to  a  general  rise  of  intracranial  pressure,  and,  as  is  well 
known,  frequently  occurs  with  this  condition  no  matter  what  its  cause 
is.  It  is  consequently  of  no  localizing  value.  An  external  rectus  palsy 
may  be,  however,  due  to  compression  of  the  sixth  nerve  by  a  tumor  of 
the  cerebellopontine  angle,  A  conjugate  weakness  of  lateral  move- 
ment of  the  eyes,  on  the  other  hand,  results  from  compression  of  the 
homolateral  sixth  nerve  nucleus  by  a  tumor  in  the  postero-inferior 
portion  of  the  cerebellum,  or  possibly  from  interference  with  a  supra- 
nuclear centre  for  conjugate  movement  in  or  near  Deiters'  nucleus. 
Vertical  movements  are  very  rarely  affected  by  intracerebellar 
tumors,  but  occasionally  a  weakness  of  upward  movement  results 
from  the  compression  of  the  midbrain  by  a  tumor  that  lies  far 
forward  in  the  cerebellum.  I  have  never  seen  the  pupillary  reaction 
disturbed. 

The  so-called  "skew  deviation"  of  the  eyes,  the  eye  on  the  side  of 
the  lesion  being  directed  downward  and  inward,  the  opposite  outward 
and  slightly  upward,  seems  to  occur  chiefly  with  acute  lesions  that 
involve  the  cerebellum  in  the  region  of  entrance  of  the  middle'  and 
inferior  peduncles.    (Plate  XLVIII,  Fig.  2.) 

A  slight  inferior  neuronic  weakness  of  one  side  of  the  face  is  occa- 
sionally observed  when  a  large  tumor  lies  low  in  the  cerebellum  and 
compresses  the  pons;  a  greater  weakness  is  usually  due  to  extension  of  the 
tumor  into  the  pons,  or  to  direct  compression  of  the  facial  nerve  by  a 
tumor  of  the  cerebellopontine  angle.  When  a  tumor  lies  far  laterally 
in  the  cerebellum  the  trigeminal  nerve  may  be  compressed,  but,  as  a 
rule,  only  its  sensory  portion  suffers;  this  usually  produces  only  pain 
or  paresthesia  on  the  same  side  of  the  face,  actual  sensory  loss  being 
rare.  The  corneal  reflex,  however,  is  often  lost  very  early.  Intra- 
cerebellar tumors  and  tumors  involving  the  pons,  however,  frequently 
produce  complete  or  considerable  anesthesia  in  the  distribution  of 
the  trigeminal  nerve,  with  weakness  or  paralysis  of  the  muscles  inner- 
vated by  its  motor  root.  This  is  consequently  an  important  sign  in 
the  differential  diagnosis  of  these  different  conditions. 

Disturbances  of  hearing  are  very  important;  while  more  or  less 
complete  unilateral  nerve  deafness  is  the  rule  in  extracerebellar  tumors, 
any  degree  of  deafness  is  rare  with  intracerebellar  growths.  _  Tinnitus, 
on  the  other  hand,  is  common  in  cerebellar  tumors,  but  it  is  rarely  so 
persistent  or  severe  as  with  tumors  of  the  cerebellopontine  angle. 

Affection  of  the  functions  of  the  glossopharyngeal,  vagus,  and 
hypoglossal  nerves  is  very  exceptional  in  intracerebellar  disease,  but 
some  weakness  of  the  same  side  of  the  palate  is  not  uncommon  with 
tumors  of  the  cerebellopontine  angle. 
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The  Differential  Diagnosis  of  Cerebellar  Tumors. — The  actual  recog- 
nition of  a  cerebellar  tumor 'is  usually  easy  if  proper  regard  he  paid 
to  the  signs  and  symptoms  which  it  produces,  though  it  occasionally 
happens  that  a  tumor  in  this  organ  gives  rise  to  general  rather  than 
local  intracranial  symptoms.  On  the  other  hand  it  must  be  admitted 
that  conclusions  as  to  the  exact  site  of  the  tumor  are  often  uncertain 
and  unreliable  in  the  present  state  of  our  knowledge. 

The  most  important  point  in  the  differential  diagnosis  is  the  distinc- 
tion of  tumors  involving  the  cerebellum  from  those  which  lie  without 
it  but  compress  it,  from  those  that  involve  the  brain  stem,  and  from 
supratentorial  growths. 

The  extracerebellar  tumors,  more  particularly  those  which  grow 
from  the  auditory  or  trigeminal  nerves,  from  the  structures  in  the 
lateral  recess,  or  from  the  meninges  in  this  region,  are  distinguished 
by  the  early  and  severe  involvement  of  the  cranial  nerves,  more  par- 
ticularly the  fifth,  eighth,  and  the  glossopharyngeal;  by  symptoms  of 
compression  of  the  brain  stem,  especially  contralateral  hemiparesis 
and  alteration  in  the  reflexes;  and  by  the  slightness  of  the  symptoms 
of  cerebellar  disturbance  in  relation  to  the  other  symptoms. 

Tumors  of  the  brain-stem,  and  especially  of  the  pons,  may  simulate 
cerebellar  tumors  when  they  involve  the  cerebellar  peduncles,  but 
they  generally  produce  some  hemiparesis  w^th  the  characteristic  alter- 
ations of  the  reflexes,  and  sensory  changes,  especially  a  crossed  hemi- 
anesthesia; in  this  condition  only  the  appreciation  of  pain  and  temper- 
ature may  be  disturbed.  Further,  tumors  of  the  brain-stem  produce 
more  extensive  and  more  complete  cranial  nerve  palsies,  and  especially 
dysphagia  or  dysarthria,  while  the  general  symptoms  of  intracranial 
tumor,  and  especially  optic  neuritis,  may  be  less  prominent  or  even 
absent. 

Tumors  of  the  fourth  ventricle,  growing  either  from  its  lining  mem- 
brane or  from  the  choroid  plexus,  have  been  frequently  confused  with 
cerebellar  tumors;  but  they  rarely  produce  pure  and  isolated  cere- 
bellar symptoms.  Cranial  nerve  palsies  are  common,  especially  a 
nuclear  sixth  palsy;  and  bulbar  symptoms  may  occur  early.  Vertigo 
has  been  the  chief  symptom  in  some  cases,  and  sudden  death  in  an 
attack  of  dyspnea  is  liable  to  occur.  Bruns  described  as  pathogno- 
monic of  free  cysts  in  the  cerebellum  sudden  attacks  of  intense  head- 
ache, vomiting,  and  vertigo,  which  occur  on  sudden  movement  of  the 
head. 

The  differentiation  of  cerebellar  growths  from  those  of  supratentorial 
site  is  usually  easy;  in  my  experience  the  most  common  mistake  has 
been  the  confusion  of  frontal  tumors  with  cerebellar  tumors  in  cases 
where  there  has  been  a  great  increase  of  intracranial  pressure;  but  as 
a  rule  the  absence  of  nystagmus,  ataxia,  and  diadokokinesia  is  sufficient 
to  prevent  error. 

Many  cases  of  pseudo-tumor  cerebri  have  presented  symptoms  of 
cerebellar  disease  and,  as  in  a  case  of  my  own,  this  led  to  a  wrong  iliag- 
nosis — but  no  reliable  diH'erential  signs  arc  at  present  known.  The 
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condition  of  meningitis  serosa,  especially  associated  with  middle-ear 
disease,  may  produce  similar  symptoms,  but  they  usually  subside  on 
the  proper  treatment  of  the  local  disease. 

Internal  hydrocephalus,  too,  may  be  confused  with  a  cerebellar 
tumor;  its  longer  course,  however,  the  frequent  predominance  of  early 
atrophic  over  neuritic  changes  in  the  optic  disks,  the  evidence  of  general 
increase  of  intracranial  pressure  out  of  proportion  to  the  local  symp- 
toms, and  signs  of  involvement  of  the  pyramidal  tracts  are  usually- 
sufficient  to  distinguish  the  two  conditions. 

The  diagnosis  of  the  nature  of  the  tumor  is  always  uncertain,  or  at 
the  most  only  probable.  Tuberculous  growths  are  the  most  frequent 
in  childhood  and  the  presence  of  other  tuberculous  lesions  may  make 
their  existence  probable.  A  history  of  syphilis  and  a  positive  Wasser- 
mann  reaction  probably  indicates  a  gumma.  Otherwise  the  probability^ 
of  a  glioma  is  great,  as  this  is  the  most  common  neoplasm  in  the 
cerebellum.  An  abscess  is  indicated  by  its  rapid  evolution;  by  the 
coexistence  of  foci  of  infection,  especially  middle  ear  or  mastoid  dis- 
ease, and  by  the  frequent  evidence  of  an  infective  process  at  the  onset, 
with  rigors,  fever,  local  headaches,  and  general  malaise.  The  extra- 
cerebellar  tumors,  especially  those  that  grow  from  the  cranial  nerves, 
are  usually  benign. 

Treatment  of  Tumors  and  Abscess  of  the  Cerebellum. — This  is  the  ques- 
tion which  concerns  us  most  closely,  and  to  which  the  previous  pages 
have  only  led  up.  Yet  the  answer  is  on  the  whole  simple,  for  as  we 
cannot,  except  in  rare  cases  of  gummata,  control  or  check  the  growth 
of  the  neoplasm  we  are  forced  to  resort  to  surgical  measures.  But  for 
successful  surgical  intervention  accurate  localization  is  the  first  essential, 
and  it  is  perhaps  more  important  in  the  cerebellum  than  elsewhere 
in  the  nervous  system,  as,  owing  to  the  proximity'  of  the  delicate  vital 
centres  in  the  bulb,  it  is  necessary  to  limit  casual  exploration  as  far  as 
possible. 

It  must  not  be  understood,  however,  that  surgical  intervention  is 
to  be  recommended  immediately  on  the  diagnosis  of  cerebellar  tumors. 
With  tuberculous  lesions,  for  instance,  the  danger  of  the  dissemination 
of  the  tuberculous  infection  is  great;  and,  on  the  other  hand,  many  of 
these  tuberculomas  cease  to  grow  and  become  latent,  their  symptoms 
disappearing  or  diminishing  as  fully  as  could  be  expected  after  their 
removal  and  the  further  injury  to  the  cerebellum  the  surgeon  must 
produce  in  the  operation.  A  further  reason  against  operation  if  it  can 
be  avoided  is  the  fact  that  tuberculous  tumors  are  frequently  multiple. 
I  know  some  patients  in  whom  years  ago  the  almost  certain  diagnosis 
of  cerebellar  tumor  was  made,  and  who  now  present  few  or  no  symp- 
toms of  it.  Too  often,  unhappily,  the  rapid  progress  of  the  case,  and  a 
threatened  failure  of  vision  from  optic  neuritis  forces  the  physician's 
hand. 

If  a  gumma  is  probable  vigorous  antisyphilitic  treatment  should 
be  adopted  in  the  first  place.  An  injection  of  salvarsan  may  bo  tried, 
but  should  be  followed  by  mercurial  inunctions  alternated  with  large 
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doses  of  iodides;  the  general  experience  at  present  is  that  salvarsan  has 
but  httle  influence  on  gummata  when  they  are  already  developed. 
Apart  from  the  greater  safety  of  medicinal  over  the  surgical  treatment 
of  gummata  is  must  be  remembered  that  these  are  frequently  asso- 
ciated with  a  considerable  chronic  syphilitic  meningitis  which  is 
not  amenable  to  surgery. 

Abscesses  usually  demand  immediate  surgical  measures,  but  if  their 
course  is  not  very  acute  it  is  often  advisable  to  wait,  in  the  hope  that 
they  may  become  encapsuled  and  until  the  virulence  of  the  infection 
diminish,  as  otherwise  the  danger  of  the  development  of  a  general 
septic  meningitis  is  great. 

Simple  and  hydatid  cysts  of  the  cerebellum  are  the  most  favorable 
for  surgical  treatment;  a  considerable  proportion  of  the  successful 
operations  have  been  in  this  class  of  case.  When  the  tumor  is  a  glioma 
unhappily  only  operation  can  give  relief,  and  yet  the  proportion  of 
cases  in  which  the  relief  is  at  all  permanent  must  be  very  small,  as 
complete  extirpation  is  rarely  feasible,  and  the  danger  of  recurrence 
is  consequently  great. 

The  various  forms  of  extracerebellar  and  lateral  recess  tumors  can 
be  dealt  with  only  by  the  surgeon,  and  as  they  are  usually  benign  the 
results  may  be  exceedingly  good;  the  danger  of  the  operation  to  life 
is,  however,  great. 

The  technique  of  the  surgical  treatment  of  tumors  and  abscesses 
of  the  cerebellum  is  dealt  with  elsewhere  and  needs  no  reference  here, 
but  we  may  with  advantage  consider  the  prognosis  in  cases  in  which 
operation  is  necessary.  Unhappily  the  desirable  statistics  are  not 
available,  as  there  is  no  doubt  a  general  tendency  to  publish  cases  in 
which  the  removal  of  the  tumor  has  been  successful,  without  reference 
to  failures. 

In  my  paper  with  Grainger  Stewart  we  published  the  records  of  11 
cases  of  intracerebellar  tumor  which  w^ere  operated  on,  and  10  cases 
of  extracerebellar  tumor.  In  the  former  group  5  cases  died  soon  after 
the  operation,  3  at  least  died  after  the  paper  was  published,  from  recur- 
rence of  a  glioma  in  1  case,  with  tuberculous  meningitis  in  another,  while 
in  the  third  death  was  probably  independent  of  the  cerebellar  disease. 
Two  cases  of  simple  cyst  survive,  and  possibly  1  after  the  partial  removal 
of  a  glioma.  Of  the  10  extracerebellar  tumors  7  cases  died  immediately 
or  soon  after  the  operation,  1  several  months  later  with  a  tumor  on 
the  opposite  side,  while  2  survive. 

Of  25  of  Oppenheim's  cases  which  were  operated  on  3  recovered, 
3  improved,  while  the  others  died.  In  31  of  the  cases  collected  by 
Duret  death  occurred  immediately  or  within  some  days  after  the  oper- 
ation; in  9  others  death  occurred  later;  8  improved,  while  5  recovered. 
Cushing's  results  have  been  much  more  favorable;  of  35  operations 
3  proved  fatal,  in  2  cases  the  tumor  was  inoperable,  in  17  only  decom- 
pressive operations  were  attempted,  while  he  had  13  successful  cases, 
tumor  extirpations  or  cyst  removals. 

Pascalis  has  recently  collected  statistics  on  the  operative  treatment 
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of  extracerebellar  or  pontocerebellar  tumors.  Of  1 1  cases  in  which 
only  a  decompression  was  attemj)te(l  3  died,  and  in  7  some  improvement 
of  the  symptoms  occurred;  while  in  101  cases  in  which  removal  was 
attempted  72  deaths  occurred. 

The  promise  of  surgical  intervention  is  thus  not  very  favorable,  but 
with  the  increase  of  accuracy  in  diagnosis,  the  more  careful  selection 
of  cases,  and  the  improvement  which  experience  must  evolve  in  surgical 
technique,  the  results  of  the  future  will  be  certainly  better.  Further, 
the  fact  must  be  taken  into  consideration  that  the  majority  of  cases 
of  cerebellar  tumor  must,  if  unrelieved,  progress  to  a  fatal  termination 
and  that  consequently  operation  often  offers  the  only  chance  of  recovery. 

But  if  an  attempted  removal  of  the  tumor  offers  only  such  a  poor 
chance  of  recovery  it  must  be  remembered  that  decompression  alone 
often  prolongs  life  and  leads  to  a  remarkable  diminution  of  the 
symptoms.  I  know  cases  in  which  life  has  been  prolonged  for  months, 
and  even  for  more  than  a  year  in  relative  comfort.  Experience  shows 
that  the  most  successful  operation  is  bilateral  occipital  decompression 
by  Cushing's  method,  in  which  a  large  portion  of  the  skull  is  removed 
on  both  sides. 
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CHAPTER  XV 

PARALYSIS  AGITANS  AND  MULTIPLE  SCLEROSIS  AND 

THEIR  TREATMENT 

By  carl  D.  camp,  M.D. 

PARALYSIS  AGITANS 

Paralysis  agitans  (shaking  palsy;  Parkinson's  disease;  Schiittellah- 
mung  or  Zitterlahmung)  has  been  recognized  as  a  clinical  entity  since 
first  described  by  Parkinson,  in  1817,  although  cases  of  similar  descrip- 
tion, and  doubtless  the  same  disease,  were  described  as  early  as  1766, 
by  Schwarz.  It  was  not  until  a  much  later  date  that  this  affection 
was  distinguished  from  certain  types  of  chorea,  multiple  sclerosis,  senile 
and  hereditary  tremors,  and  tremors  due  to  lesions  in  the  midbrain. 

Paralysis  agitans  is  not  a  very  common  aflection;  by  the  majority 
of  observers  the  frequency  is  put  at  about  1  per  cent,  of  all  nervous 
diseases,  though  the  observations  of  individuals  vary  from  0.2  per  cent, 
to  1.5  per  cent.  The  disease  more  often  affects  men  than  women  and, 
judging  from  the  statistics  published,  is  more  frequent  in  people  living 
in  country  districts  than  in  those  from  large  cities.  It  usually  begins 
between  the  fiftieth  and  sixtieth  years  of  life,  though  cases  beginning 
as  early  as  the  twentieth  year  or  earlier  are  reported  but  are  exceedingly 
rare. 

Etiology. — A  direct  heredity  occasionally  occurs,  more  frequently  there 
is  a  history  of  neuropathic  disturbance  or  of  rheumatic  tendencies  in  the 
family,  usually,  however,  the  family  history  is  entirely  negative,  and,  as 
Mendel  points  out,  the  patient  may  show  an  exceptionally  healthy  and 
long-lived  ancestry.  It  would  seem  that  paralj^sis  agitans  affected  mostly 
those  persons  whose  lives  had  been  devoted  to  hard  work,  either  mental 
or  physical,  and  attention  has  been  called  to  the  fact  that  there  is  a 
very  small  proportion  of  alcohol  or  tobacco  users  among  cases  of  par- 
alysis agitans  (Dana,  10  per  cent,  smokers,  4  per  cent,  drinkers,  among 
127  male  patients),  nor  can  one  trace  any  sexual  or  dietetic  excesses  to 
these  patients.  A  history  of  syphilis  is  rarely  obtained,  and  when  it  is 
present  there  is  no  benefit  obtained  by  the  use  of  antisyphilitic  drugs. 
On  the  other  hand,  mental  shocks  and  worry  may  be  a  potent  cause 
and  their  persistence  may  hasten  the  i)rogress  of  the  disease.  Physical 
overstrain  also  i)lays  a  distinct  part  in  the  production  of  the  disease. 
A  history  of  injuries  to  the  part  earliest  or  most  involved  is  frequently 
ol)tained;  these  may  have  been  severe  or  slight  and  of  various  kinds, 
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such  as  burns,  electric  shocks,  etc.  The  injury  may  have  been  one  wliich 
the  patient  merely  dreamed  had  occurred,  as  in  a  case  mentioned  by 
Mendel.  A  combination  of  injury  and  psychic  shock  is  frequently  an 
apparent  cause.  Continued  exposure  to  cold  and  dampness  has  a  bad 
ed'ect  on  the  disease  and  apparently  causes  it  in  some  instances.  In 
a  few  cases  the  onset  of  the  disease  has  followed  attacks  of  acute  articular 
rheumatism  or  influenza. 

Pathology. — Many  efforts  have  been  made  to  discover  the  lesion 
responsible  for  the  symptoms  of  paralysis  agitans.  Repeated  examina- 
tions of  the  nervous  system  have  yielded  conflicting  results.  The 
theories  that  explain  the  symptoms  as  the  results  of  lesions  in  the  cere- 
bral cortex  or  in  the  midbrain  have  not  been  confirmed  by  histological 
examinations  of  these  regions.  Redlich  and  others  have  attributed  the 
symptoms  to  islets  of  gliosis  in  the  white  matter  of  the  spinal  cord, 
while  Dana  and  other  observers  have  claimed  that  changes  in  the  cells 
of  the  anterior  horns  of  the  grey  matter  of  the  spinal  cord  caused  an 
interruption  of  the  centrifugal  motor  impulses.  There  are  many  cases 
on  record  in  which  the  examination  of  the  central  nervous  system  has 
shown  it  to  be  entirely  normal,  notably  those  of  Schwenn,  and  Idelsohn. 
Camp,  in  1907,  examined,  histologically,  the  central  nervous  system 
from  14  cases  and  could  find  no  constant  change,  nor  any  which  was 
peculiar  to  the  disease.  It  seems  most  probable  that  the  cause  of  the 
muscular  rigidity  is  to  be  found  in  a  change  in  the  muscles  themselves; 
such  changes  being  described  by  Blocq,  Schwenn,  Shiefferdecker, 
Idelsohn,  Camp,  and  others.  The  tremor  is  probably  due  to  the 
rhythmic  nerve  impulses  which,  in  normal  persons,  keep  up  the  muscle 
tonus,  but  which,  acting  in  a  diseased  muscle,  produce  a  tremor.  It  is 
of  prime  therapeutic  importance  to  know^  what  initiates  the  change  in 
the  muscle,  but  on  this  point  we  can  only  theorize.  The  change  may 
occur  as  the  result  of  a  congenital  tendency  such  as  apparently  is  the 
case  in  some  of  the  muscular  dystrophies,  or  it  may  be  the  result  of 
some  toxic  influence  on  the  muscle.  So  far  no  such  toxic  substance  has 
been  discovered.  The  secretions  of  the  ductless  glands  have  been 
carefully  considered  in  this  connection  and  there  is  suggestive  evidence 
that  an  alteration  or  diminution  of  the  secretion  of  the  parathyroid 
glands  may  be  the  cause  of  the  disease  (Lundborg,  Berkley,  Camp, 
Alquier,  and  others). 

Symptoms. — The  most  important  symptoms,  from  the  point  of  view 
of  the  diagnosis  and,  in  most  cases,  from  the  therapeutic  standpoint, 
are  the  stiffness  or  rigidity  of  the  muscles,  and  the  tremor.  Of  these 
two  the  former  is  perhaps  the  more  essential,  since  a  number  of  cases 
have  been  reported  without  tremor;  the  so-called  'paralysis  agitans  sine 
agitatione.  Many  of  the  other  symptoms  described  as  characteristic  of 
tiie  disease  are  a  consequence  of  these  two  symptoms. 

Muscular  Rigidity. — The  rigidity  is  usually  described  as  lead-like.  It 
may  be  general  or  affect  only  a  part  such  as  an  extremity;  usually 
the  face  is  involved.  The  muscles  affected  do  not  atrophy  but  have 
a  peculiar  feel,  as  if  one  pressed  on  dead  instead  of  living  tissue.  The 
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ptatient  complains  that  his  movements,  while  possible,  are  impeded.' 
He  finds  difficulty  in  executing  quick  movements,  such  as  turning  a 
newspaper,  steering  a  bicycle,  etc.  The  rigidity  of  the  facial  muscles 
inhibits  the  quick  movements  that  give  expression  to  the  face  and  hence 
a  peculiar  mask-like  appearance  is  produced.  The  rigidity  of  the  muscles 
moving  the  eyeball  causes  a  fixed  staring,  and  when  the  eyeball  is  moved 
the  movement  is  not  infrequently  made  up  of  a  series  of  quick  jerks. 
The  rigidity  of  the  muscles  of  the  body  and  extremities  results  in  certain 
characteristic  positions,  the  fingers  are  usually  slightly  flexed  at  the 
metacarpophalangeal  joints,  producing  the  characteristic  pill-rolling 
position,  the  elbows  and  wrists  are  partially  flexed,  and  the  arms  ad- 
ducted.  The  knees  are  bent  and  the  body  inclined  forward,  with  a 
considerable  anteroposterior  curvature  in  the  thoracic  spine.  The 
ulnar  deviation  of  the  fingers,  to  which  Spiller  has  called  attention  as 
a  mark  of  the  resemblance  of  paralysis  agitans  to  rheumatoid  arthritis, 
may  be  due  to  other  causes  than  the  muscular  rigidity. 

There  is  usually  a  shufiling,  slow  gait  with  short  steps.  Often  there 
is  a  festinated  gait,  i.  e.,  propulsion  or  retropulsion,  sometimes  latero- 
pulsion,  produced  by  the  displacement  of  the  patient's  centre  of  gravity 
in  a  certain  direction.  This  displacement  the  patient  endeavors  to 
overcome  by  a  step  in  that  direction,  but,  owing  to  the  impediment 
in  this  motion,  he  is  unable  to  regain  his  equilibrium  and  so  keeps  going, 
unable  to  stop  until  he  meets  with  some  support.  This  is  a  symptom 
w^e  should  expect  to  result  from  the  rigidity  and  impediment  of  active 
motion,  and  it  is  unnecessary  to  bring  in  a  hypothetical  lesion  of  the 
coordinating  centre  to  explain  it,  as  has  been  done  by  INIaillard,  Zin- 
gerle,  and  others.  There  is  usually  no  real  weakness  in  paralysis 
agitans;  active  motion  is  hindered  by  the  stiffness,  but  resistance  to 
passive  movement  is  of  normal  strength. 
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Tremor. — The  tremor  of  paralysis  agitans  is  highly  characteristic 
of  the  disease.  It  is  a  regular,  rhythmical  tremor,  three  to  five  per 
second,  constant  when  the  part  is  at  rest  but  ceasing  on  motion,  the 
reverse  of  an  intention  tremor.  It  usually  begins  in  the  thumb,  but 
may  begin  in  other  parts  of  the  body  or  affect  different  parts  simul- 
taneously. When  it  aft'ects  the  tongue,  it  produces  coarse  to-and-fro 
movements  of  that  organ.  It  may  affect  the  vocal  cords.  It  is  increased 
by  excitement,  disappears  in  sleep,  and  is  usually  absent  in  the  period 
just  following  sleep  when  the  mind  is  awake  but  quiescent.  The  head 
is  notusually  involved.  When  the  tremor  afl'ects  the  fingers  it  frequently 
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produces  the  so-called  pill-rolling  movement,  when  it  affects  the  feet 
there  may  be  a  movement  produced  like  that  of  an  ankle  clonus.  Knob- 
lauch has  reported  a  case  of  "paralysis  agitans  sine  rigiditate,"  with 
the  tremor  alone  the  diagnostic  feature,  and  gives  a  good  prognosis 
for  such  cases.  The  accuracy  of  the  diagnosis,  however,  is  questionable. 

Other  Symptoms. — Other  symptoms  are  of  less  diagnostic  importance 
but  contribute  considerably  to  the  patient's  discomfort.  The  subjective 
sensory  symptoms  consist  of  feelings  of  heat  and  cold  or  there  is  an 
increased  susceptibility  to  heat  and  cold.  Not  infrequently  there  are 
various  forms  of  paresthesise,  as  of  insects  crawling  over  the  skin  or 
just  beneath  it.  Many  patients  complain  of  the  feeling  of  stiffness 
in  the  muscles,  but  sensations  of  fatigue  resulting  from  the  tremor 
are  less  pronounced  than  might  be  expected.  Often  patients  feel 
better  when  riding  in  trains  or  otherwise  jolted  about,  and  advantage 
is  taken  of  this  in  treatment.  Aching  pains  in  muscles  or  joints  may  be 
present,  especially  in  the  early  stages  of  the  disease.  The  skin  may  be 
thickened,  in  other  cases  atrophied.  Local  cyanosis  may  occur.  Often 
there  is  excessive  sweating.  Tachycardia  is  sometimes  a  symptom. 
Some  authors  describe  salivation  as  a  symptom,  but  it  seems  probable 
that  the  increase  in  the  amount  of  saliva  is  more  apparent  than  real, 
and  is  due  to  difficulty  in  swallowing  owing  to  the  rigidity  of  the  lips, 
tongue,  and  pharynx.  Bulbar  symptoms,  such  as  difficulty  in  speech 
and  deglutition,  are  sometimes  reported,  but  they  are  comparatively  rare. 

Mental  changes  have  also  been  described,  but  usually  the  patient's 
mind  is  entirely  clear.  In  the  very  old  the  changes  incident  to  senility, 
such  as  irritability,  childishness,  etc.,  insomnia  and  memory  changes, 
might  be  expected  and  may  require  special  treatment.  Often  these 
patients  are  emotionally  unstable  and  spells  of  forced  weeping  or  laugh- 
ing occur.  Objective  sensory  changes  are  not  found  in  uncomplicated 
cases  of  paralysis  agitans.  The  tendon  reflexes  are  usually  normal, 
but  may  be  increased  or  diminished.  It  has  been  noted  by  Bruns, 
Mendel,  and  others  that  in  cases  of  "hemiparalysis  agitans"  the  reflexes 
were  increased  on  the  affected  side.  I  examined,  pathologically,  a  case 
in  which  the  diagnosis  had  been  hemiparalysis  agitans,  with  symptoms 
of  stiffness,  weakness,  tremor,  and  increased  reflexes  on  the  affected 
side.  The  necropsy  showed  an  area  of  softening  involving  the  internal 
capsule  and  the  softened  area  filled  by  a  concretion  which  had  apparently 
irritated  the  motor  fibers.  Pathological  examinations  might  show 
other  cases  of  this  kind,  but  they  are  not  cases  of  paralysis  agitans. 
The  examination  of  the  urine  and  feces  usually  shows  an  increased 
elimination  of  phosphorus,  but  no  other  abnormal  constituent.  The 
examination  of  the  blood  and  spinal  fluid  is  negative. 

Differential  Diagnosis. — Before  beginning  treatment  for  paralysis 
agitans  it  is  necessary  to  carefully  differentiate  it  from  the  conditions 
caused  by  senility,  which  it  may  resemble.  The  gait  and  general  appear- 
ance of  some  senile  dements  resemble  those  of  paralysis  agitans.  In 
senility,  however,  the  tremor  is  less  coarse,  and  frequently  affects  the 
head.   When  the  patient  has  reached  the  period  of  senility  it  may  be 
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impossible  to  say  that  some  of  the  symptoms  presented  may  not  be 
due  to  this  state.  Hereditary  or  family  tremors  are  distinguished 
by  their  constancy  in  the  various  members  of  the  family,  their  non- 
progressive character  and  the  absence  of  other  signs  of  paralysis  agitans. 
Tremors  due  to  gross  brain  lesions  are  usually  unilateral  and  there  may 
be  indications  of  the  brain  lesion  in  the  exaggeration  of  reflexes;  objec- 
tive sensory  disturbances,  especially  in  the  discrimination  and  locali- 
zation of  sensation,  etc.  Multiple  sclerosis  is  a  disease  usually  occurring 
at  an  earlier  age.  The  tremor  in  multiple  sclerosis  is  the  intention  type, 
the  reverse  of  that  in  paralysis  agitans,  although  there  have  been  cases 
of  paralysis  agitans  described  as  having  an  intention  tremor.  The 
nystagmus  and  scanning  speech  may  be  imitated  in  paralysis  agitans, 
but  careful  examination  will  detect  the  difference.  The  Babinski 
reflex  frequently  present  in  multiple  sclerosis  is  always  absent  in  un- 
complicated paralysis  agitans.  The  staring  expression  of  the  eyes  and 
tachycardia  may  cause  a  suspicion  of  Basedow's  disease,  which  is,  in 
fact,  sometimes  a  complication  of  paralysis  agitans.  The  tremor  in 
Basedow's  disease  is  very  fine  and  muscular  rigidity  is  absent.  Rheu- 
matoid arthritis  is  an  occasional  complication  of  paralysis  agitans  and 
sometimes  causes  difficulties  in  diagnosis.  The  stiffness  in  rheumatoid 
arthritis  is  in  the  joints  rather  than  the  muscles  and  the  tremor  is  absent. 
Hysteria  may  simulate  paralysis  agitans  very  closely,  but  usually  the 
hysteric  is  a  younger  individual  and  some  of  the  signs  of  the  latter 
trouble  will  be  missing.  If  there  is  any  doubt  concerning  the  difi'erential 
diagnosis,  it  can  readily  be  eliminated  by  trying  some  suggestible 
therapeutics.  The  only  form  of  chorea  which  would  be  likely  to  be 
confused  with  paralysis  agitans  would  be  the  chronic  progressive  type, 
and  there  is  but  little  real  similarity  between  the  irregular,  incoordinate 
movements  of  chorea  and  the  rhythmical  tremor  of  paralysis  agitans. 

Treatment. — There  is  a  general  impression  among  physicians  that, 
having  established  the  diagnosis  of  paralysis  agitans,  nothing  further 
can  be  done.  Certainly  our  efforts  in  the  past  to  cure  this  disease  have 
met  with  but  little  result,  but  it  would  seem  as  though  few  diseases 
offered  a  better  field  for  therapeutic  research  than  this  one.  So  far  as 
we  know  at  present  there  are  no  anatomical  changes  present  which  bar 
the  possibility  of  recovery.  The  patient  lives,  and  lives  in  hopes,  and 
it  is  a  well-established  fact  that  almost  any  new  method  of  treatment 
tried  on  these  patients  is,  for  a  time,  beneficial.  Even  when  cure  is 
not  attempted,  apparently  there  is  much  that  may  be  done  to  relieve 
the  symptoms. 

Prophylactic  Treatment. — No  rules  regarding  prophylaxis  can  be 
established  in  the  present  state  of  our  knowledge.  Heredity  apparently 
plays  a  minor  part.  Overwork,  both  mental  and  physical,  plays  no 
small  part  in  causation,  especially  the  continuous,  unrelenting  sort. 
The  people  who  take  their  work  to  bed  with  them  and  who  never  come 
under  the  inhibiting  influences  of  tobacco  or  alcohol  are  the  kind  that, 
according  to  the  statistics,  are  most  frequently  affected.  In  this  respect, 
the  disease  may  be  almost  regarded  as  a  badge  of  respectable  endeavor. 


056 


PARALYSIS  AG  I  TANS 


Curative  Treatment. — An  actually  curative  treatment  for  paralysis 
agitans  remains  to  be  discovered.  The  toxic  theory  of  Eulenberg  and 
the  resemblance  of  paralysis  agitans  to  some  forms  of  rheumatoid 
arthritis,  as  pointed  out  by  Spiller,  may  be  suggLations  along  this  line. 
There  is  much  in  the  character  of  the  changes  in  the  muscles  to  suggest 
that  they  are  due  to  some  toxic  influence,  though  it  cannot  be  said 
they  are  sufficiently  definite  to  bear  out  the  opinion  of  Gauthier 
that  they  are  due  to  phosphoric  acid  or  its  compounds.  Considerable 
experimental  work  has  been  done  in  the  line  of  an  organotherapy  for 
this  disease.  The  use  of  Brown-Sequard  extract  has  not  given  any 
results.  Moebius,  in  1883,  and  Lundborg,  in  1901,  suggested  the  use 
of  thyroid  extract,  but  the  treatment  was  without  benefit,  and  Mendel 
has  also  observed  no  result  from  thyroid  therapy.  Parhon  and  Urechie, 
in  1908,  suggested  the  use  of  extract  of  the  h^^pophysis  gland  (two 
teaspoonfuls  of  glycerin  extract,  four  hypophyses  macerated  in  30  gm. 
glycerin).  They  observed  some  lessening  of  the  tremor,  more  quiet 
sleep,  and  improvement  in  the  subjective  symptoms.  More  decided 
results  have  followed  the  administration  of  extract  of  parathyroid 
gland,  and  there  is  some  pathological  and  experimental  evidence  that 
its  use  in  this  disease  would  be  a  rational  therapeutic  measure.  Berkley 
has  administered  the  gland  in  65  cases  with  improvement  in  many  and 
apparent  cure  in  some  of  them.  Alquier  and  others  have  reported  similar 
results.  Dana  reports  improvement  in  about  one-third  of  his  cases  by 
the  use  of  this  remedy,  and  I  have  seen  distinct  improvement,  especially 
of  the  subjective  symptoms,  in  many  cases.  I  have  seen  one  case  in 
which  the  use  of  parathyroid  lessened  the  tremor  to  a  remarkable 
degree,  the  case  becoming  a  typical  "paralysis  agitans  sine  agitatione." 
Roussey  and  Clunet  interpreted  their  pathological  finding  in  the  para- 
thyroid glands  as  due  to  a  hyperplasia  and  suggest  a  radium  treatment 
to  the  parathyroid  region.  They  obtained  improvement  in  3  cases 
treated  in  this  manner. 

Symptomatic  Treatment. — Medicinal. — Among  the  medicines  used 
to  control  the  symptoms  of  paralysis  agitans  the  most  important  are 
probably  hyoscine  and  duboisin.  The  former  has  been  in  use  for  many 
years,  and,  as  hyoscine  hydrobromate  or  scopolamine  hydrobromate, 
is  of  great  value  in  controlling  the  tremor.  First  suggested  by  Erb, 
the  subcutaneous  injection  of  hyoscine  is  recommended  by  Parisot, 
Oppenheim,  Souques  and  Roussey,  and  Sataban,  in  doses  of  from  |  to 
2  mg.  a  day,  beginning  with  a  smaller  dose  and  increasing  the  amount 
very  gradually.  The  treatment  may  be  continued  for  years,  with  good 
results.  Good  results  are  also  obtained  by  administering  it  by  the  mouth, 
either  made  up  or  in  pills,  or,  as  I  prefer,  in  a  prescription  containing 
also  sodium  bromide  and  chloroform  water. 

I^— Sodii  bromid  3iv  15  5  ^ 

Hyoscine  hvdrobrom  Ri".  ^  0065 

Aqusc  chloroform  q.  s.  ad  f  gyj         200  0      — M. 

Sig. — Two  teaspoonfuls  three  times  daily. 
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A  curative  effect  or  even  a  permanent  influence  on  the  disease  is 
not  to  be  expected  from  the  use  of  hyoscine.  It  is  solely  a  symptomatic 
remedy,  and  as  such  exerts  a  good  influence  especially  on  the  tremor 
and  to  some  extent  also  on  the  muscular  rigidity  and  the  symptoms 
dependent  thereon.  The  addition  of  the  bromide  has  a  tendency  to 
lessen  the  nervous  irritability  frequently  complained  of  by  these  patients. 
It  is  necessary  that  a  good  preparation  of  hyoscine  should  be  used  and 
that  the  solution  be  fresh.  A  few  patients  complain  of  unpleasant 
symptoms  from  hyoscine,  dryness  of  the  throat,  feelings  of  heat,  general 
weakness,  vertigo,  difficult  speech,  paresis  of  accommodation,  anorexia, 
tachycardia,  mental  confusion,  or  stupor.  Also  in  some  cases  a  long 
use  of  the  drug  leads  to  symptoms  on  its  withdrawal  (heart  weakness 
and  collapse,  K.  Mendel). 

Duboisin  was  suggested  as  a  useful  drug  in  this  disease  by  E.  Mendel, 
in  1893,  who  regarded  it  as  the  best  symptomatic  remedy,  especially 
in  severe  cases.  In  none  of  the  12  cases  in  which  he  used  it  were  any 
but  good  effects  observed.  Duboisin  is  less  toxic  than  hyoscine  and 
may  be  used  in  doses  of  2  to  3  mg.,  two  or  three  times  daily.  Francotte, 
Erb,  and  Oppenheim  praise  its  favorable  effects,  especially  on  the 
tremor.  K.  Mendel  found  it  very  valuable  in  most  cases  but  has  also 
observed  some  unpleasant  symptoms  result  from  its  use:  In  one  case 
0.00035  gm.  duboisin  injected  subcutaneously  produced  an  irregular 
pulse  and  jerkings  of  the  extremities.  In  another  case  0.0004  gm. 
produced  heart  weakness  and  collapse.  Mendel  recommends  for  in- 
jection, beginning  with  0.0003  gm.  a  day  and  gradually  increasing  the 
amount  to  0.0005  gm.;  in  pills,  duboisin  sulphate  from  0.00025  gm.  to 
0.0005  gm.  twice  a  day.  Hubert  recommends  giving  an  injection  every 
second  or  third  day  and  also  giving  it  internally  in  the  intervals. 

Preparations  of  arsenic  are  also  recommended  by  a  few  authors, 
Erb  and  others.  For  subcutaneous  injections,  in  the  form  of  sodium 
cacodylate,  0.05  gm.  daily;  or  Fowler's  solution  may  be  given  by  mouth 
in  doses  of  two  to  four  drops,  three  times  daily.  Patients  receiving 
arsenic  usually  feel  better  and  stronger  but  there  seems  to  be  no  effect 
on  the  rigidity  or  tremor.  Oppenheim  recommends  tincture  veratrum 
viride  in  doses  of  from  three  to  five  drops,  three  times  daily,  for  the  relief 
of  the  tremor.  Tincture  gelsemium  is  also  recommended.  Cannabis 
iiiflica  in  pills  of  |  gr.  each,  t.  i.  d.,  may  be  of  service,  according  to  Starr. 
Atropine  has  been  recommended  by  Hansen,  Eulenburg,  and  Verhoogen, 
according  to  K.  Mendel,  and  he  indorses  a  prescription  of  Rabow: 

— A  tropin,  sulph   gr.  iij  012 

Ergotin   gr.  xxx       2|o — M. 

Ft.  pil.  no.  xxx. 

Sig. — One  pill  three  times  daily. 

He  also  recommends: 

— Potass,  iodid  

Ergotin  

vVqua*  dcst  

Sig. — One  tea  spoonful  three  times  daily 

VOL.  II — 42 
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On  account  of  its  apparent  relation  to  chronic  rheumatic  trou})le.s 
the  use  of  salicyHc  acid  or  its  salts  might  be  suggested,  especially  for 
the  relief  of  the  pains  and  paresthesife  that  are  sometimes  present, 
but  few  authorities  recommend  them,  however,  and  Oppenheim  speaks 
of  having  seen  harm  result  from  their  use.  Quinine  and  the  mineral 
acids  are  recommended  by  Dana  for  the  relief  of  vasomotor  and  sensory 
symptoms.  Codeine  and  morphine,  although  recommended  by  some, 
should  certainly  never  be  used  except  in  the  last  stages,  both  because 
of  the  danger  of  the  habit  formation  and  the  unfavorable  effect  on  the 
general  health  of  the  patient.  Veronal  may  be  given  occasionally 
for  insomnia,  but,  as  a  remedy  to  be  given  daily,  is,  according  to  K. 
IMendel,  without  effect. 

Hydrotherapy.— There  seems  to  be  considerable  difference  of  opinion 
as  to  the  value  of  baths  in  this  condition  and  also  as  to  the  kind  of 
hydrotherapy  which  should  be  used.  Oppenheim  advises  strongly 
against  any  extreme  measures,  but  a  mild  rubbing  with  lukewarm 
water  or  a  cool  half-bath  may  have  a  good  effect,  and  Erb  is  of  the  same 
opinion.  Wollenberg  advises  prolonged  warm  baths  followed  by  a  cool 
rub.  Dana  says  that  hot  baths  "are  agreeable  and  helpful."  While 
Starr  favors  a  twenty-minute  bath  in  tepid  water  not  followed  by  cold 
shocks.  It  is  generally  agreed  that  cold  baths  are  harmful  and  this 
applies  also  to  ordinary  sea-bathing.  The  bath-cure  establishments 
rarely  benefit  these  cases.  Hot  baths,  mud  baths,  alkaline  baths  rarel}^ 
are  beneficial  and  are  frequently  harmful.  Each  case  must  be  treated 
according  to  the  symptoms  present.  The  warm  baths  are  beneficial 
for  those  cases  complaining  of  pain  and  marked  rigidity.  A  washing 
with  cool  or  tepid  water  is  of  benefit  for  the  paresthesise  and  is  more 
beneficial  to  the  general  health  of  the  patient. 

Massage. — Light  massage,  either  general  or  with  special  attention 
to  the  parts  affected,  is  of  considerable  benefit  in  lessening  the  rigidity. 
Starr  advises  especially  the  lomi  lomi  method  as  practised  in  Hawaii. 
Great  care  must  be  exercised  as  too  strenuous  or  prolonged  manipula- 
tion may  do  harm.  Even  massage,  as  ordinarily  given  by  trained  mas- 
seurs is,  in  many  cases,  productive  of  unpleasant  results.  On  the  other 
hand,  rubbing  or  stroking  movements  combined  with  gentle  kneading 
have  at  least  the  effect  of  lessening  the  rigidity  and  making  the  patient 
feel  better.  Massage  with  the  mechanical  vibrator  has  no  advantages 
over  hand-massage  and  when  used  it  should  be  with  the  lightest  pressure 
and  with  soft  rubber  applicators. 

Vibratory  massage  applied  to  the  spine,  as  advised  by  the  makers 
of  these  machines,  has  not  been  productive  of  any  permanently  beneficial 
results  in  my  hands.  The  use  of  the  Zander  apparatus  by  which  large 
vibrations  can  be  communicated  to  the  patient's  body  has  a  temporarily 
beneficial  effect  on  the  tremor.  The  observations  of  Charcot  and 
others  that  patients  sometimes  felt  better  after  riding  in  trains,  etc., 
led  to  the  treatment  of  the  condition  by  seating  the  patient  on  a  chair 
which  could  be  mechanically  shaken,  the  "fauteil  trepidant."  No 
permanent  improvement  is  obtained  by  this  method  and  the  treat- 
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meat  is  now  abandoned.  Glorieux  advased  two  of  his  patients  to  ride 
one  hour  daily  on  an  omnibus  and  claimed  that  they  felt  better,  walked 
with  greater  ease  and  elasticity  and  had  less  tremor,  but  the  improve- 
ment was  of  short  duration.  Suspension  treatment  is  a  method  in 
little  use  at  the  present  day,  but  Charcot  and  de  la  Tourette  claim  that 
in  4  cases  treated  by  this  method  there  was  improvement  in  sleeping, 
also  the  paresthesise,  muscular  rigidity,  and  pain  were  lessened.  Eulen- 
burg  and  Mendel  found  slight  improvement  in  one  case  but  none  in 
another.    Nerve-stretching  gives  no  improvement  (Oppenheim). 

Electricity. — The  results  obtained  by  electrical  treatment  will 
depend  to  a  great  extent  upon  the  knowledge  and  skill  of  the  person 
giving  the  treatment,  and  this  is  true  of  paralysis  agitans  as  of  other 
diseases.  The  bipolar  faradic  bath  is  recommended  by  Oppenheim 
and  by  K.  Mendel.  The  mild  galvanic  bath  is  also  useful.  Toby  Cohen 
recommends  the  cathodal  baths.  The  results  obtained  are  only  tem- 
porary. The  current  strength  should  be  moderate,  duration  ten  to 
fifteen  minutes,  and  treatment  should  be  given  three  times  a  week. 
Various  ways  of  using  the  galvanic  current  have  been  suggested.  Gal- 
vanization of  the  head  and  neck  in  early  cases  leads  to  a  lessening  of 
the  tremor.  Anodal  galvanization  of  the  hypertonic  muscles  leads  to 
some  lessening  of  the  rigidity.  Ingria  found  temporary  improvement 
from  placing  the  anode  on  the  nape  of  the  neck  and  the  cathode  on  the 
last  cervical  vertebra.  Verhoogen,  to  relieve  the  muscular  rigidity, 
used  the  anode  of  the  galvanic  current  on  the  rigid  muscle  and  treated 
the  antagonists  with  the  faradic.  In  my  hands  the  best  results  have 
come  from  using  the  galvanic  current,  placing  a  large  cathode  at  some 
indifferent  point  and  moving  the  anode  slowly  over  the  rigid  muscles, 
using  a  fairly  strong  current,  but  being  careful  not  to  have  any  sudden 
changes  in  the  current  strength.  Treatments  should  be  given  daily. 
The  faradic  current  is  of  no  use  in  this  affection,  and  may  increase  the 
symptoms.  The  sinusoidal  and  high  frequency  currents  have  not  had 
sufficient  trial  to  be  sure  of  the  results.  They  have  a  sedative  effect 
in  some  cases. 

Exercise. — A  detailed  description  of  the  use  of  exercise  in  paralysis 
agitans  is  given  by  Friedlander,  and  Roth  and  Laserow  have  used  his 
methods  with  good  results.  He  claims  that  even  in  severe  cases  of  long 
standing  the  condition  can  be  improved  and  the  progress  of  the  disease 
halted,  while  in  the  early  stages  there  is  a  "decided  improvement." 
The  treatment  at  first  consists  solely  of  passive  movements  of  all  the 
joints  of  the  parts  affected,  individually  and  slowly,  the  movements 
at  first  to  be  of  small  degree  and  each  joint  flexed  and  extended  five  to 
ten  times  at  each  seance.  During  the  exercises  the  patient  endeavors 
to  relax  the  part  as  much  as  possible.  This  is  followed  by  active  exer- 
cises directed  chiefly  to  the  extensors,  the  theory  being  that  an  active 
voluntary  movement  of  the  extensor  muscles  will  lead  to  a  correspond- 
ing relaxation  or  inhibition  of  the  flexors  and  hence  overcome  the 
flexor  contracture.  This  theory  is  based  on  the  physiological  teaching 
of  Sherrington,  Hering,  and  others  that  the  innervation  of  an  agonist 
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muscle  is  accompunied  by  an  iiiliihitory  influence  on  its  antaf,'onist. 
Special  attention  should  be  paid  to  standing  and  walking  movements, 
in  order  to  correct  the  deformity  of  the  spine;  and  special  exercises 
are  employed  for  the  fingers  in  order  to  improve  the  handwriting. 
Friedliinder  lays  stress  on  his  "falling  exercise,"  in  which  a  certain 
part  of  the  body  is  passively  raised  and  then  allowed  to  fall ;  the  patient 
endeavoring  to  keep  the  part  entirely  relaxed  at  all  times.  He  believes 
that  by  this  exercise  the  patient's  power  of  voluntary  relaxation  is 
much  increased.  Care  should  be  taken  in  giving  any  of  these  exercises 
that  the  patient  is  not  tired  by  them.  They  should  be  done  regularly 
and  every  day  or  several  times  a  day. 

Climate. — Climate  exercises  but  little  influence  on  the  course  of  the 
disease,  but  most  of  these  patients  feel  better  in  a  dry,  warm  climate, 
and  warmth  also  has  a  favorable  influence  on  the  rigidity.  Oppenheim 
fa\'ors  wooded  and  low  mountain  regions.  Nolda  believes  that  high 
mountain  regions  have  a  favorable  effect  (St.  Moritz  in  the  Engadin). 
Certainly  the  atmospheric  conditions  should  be  such  that  the  patient 
can  have  plenty  of  fresh  air  without  being  exposed  to  cold  or  wet. 

Psychotherapy. — Hypnotism  is  said  to  have  no  effect  on  this 
condition.  Educational  exercises  such  as  were  suggested  by  Brissaud 
for  the  treatment  of  tics  of  psychic  origin  have  very  little,  if  any, 
effect  on  the  general  symptoms,  although  the  handwriting  may  be  a 
little  improved  in  this  way.  It  has  been  mentioned  that  almost  any 
new  remedy  for  the  condition  causes  some  apparent  improvement 
at  first  so  that  the  physician  should  be  prepared  with  many  remedies, 
not  to  use  together,  but  that  he  may  use  them  one  after  another  and 
continue  to  inspire  some  hopefulness  in  the  patient  during  the  course 
of  this  prolonged  disease. 

General  Considerations. — As  these  patients  are  usually  mentally 
alert,  idleness  is  likely  to  be  a  great  hardship,  therefore,  it  is  better 
to  allow  a  patient  to  continue  his  occupation  unless  it  is  one  that  in- 
volves considerable  excitement  and  mental  strain.  Even  in  advanced 
cases  they  should  be  kept  occupied  with  some  non-exciting  light  labor, 
such  as  gardening,  etc.  These  patients  are  best  kept  free  from  all 
exciting  influences,  hence  journeys  to  strange  places,  bath-cure  resorts, 
etc.,  often  do  more  harm  than  good.  The  diet  should  be  light  and  easily 
digested.  I  have  had  patients  who  felt  better  when  on  a  purin-free 
diet,  and  it  is  usually  advisable  to  restrict  the  use  of  meat  to  small 
quantities.  Alcohol  and  tobacco  in  moderate  quantities  apparently 
cause  no  bad  effects.  The  sleeping  hours  should  be  moderately  long 
and  the  patient  may  be  encouraged  to  remain  in  bed  for  a  time  after 
waking  in  the  morning  and  also  to  lie  down  frequently  during  the 
day  for  short  naps.  Regulation  of  the  bowels  is  an  important  factor 
in  the  comfort  of  the  patient,  and  it  is  also  important  to  bear  in  mind 
that  at  the  age  w^hen  this  disease  is  most  prevalent  there  is  a  tendency 
to  enlarged  prostate.  The  urinary  retention  and  frequency  of  urina- 
tion due  to  this  may  be  a  source  of  irritation  to  the  patient  and  aggravate 
the  symptoms.    Brown  reports  a  case  of  hereditary  tremor  in  a  man, 
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aged  thirty-four,  which  was  cured  by  the  removal  of  an  enlarged  cystic 
middle  turbinate  and  polyp  and  cauterization  of  the  stump.  There 
was  a  very  distinct  family  history  of  tremor  of  "head  and  hands" 
from  the  paternal  side.  The  patient's  symptoms,  consisting  on\y 
of  tremor  of  the  head,  disappeared  after  the  first  operation,  reappeared 
in  about  four  months,  but  again  disappeared  after  a  second  cauteriza- 
tion. The  case  was  not  paralj^sis  agitans,  but  serves  to  show  that  local 
sources  of  irritation  may  increase  the  nervous  irritability  of  these 
patients  and  that  all  such  conditions  should  be  examined  for,  and 
removed,  if  necessary,  by  surgical  intervention. 

MULTIPLE  SCLEROSIS 

Multiple  sclerosis  (disseminated  sclerosis;  sclerose  en  plaque;  sclerosis 
multiplex  cerebrospinalis)  is  a  disease  of  great  interest  to  the  physician 
because  of  the  great  variations  in  the  clinical  picture  of  the  disease  and 
the  frequency  with  which  it  is  mistaken  for  other  conditions.  Its 
therapeusis  also  opens  up  a  wide  field  of  investigation.  The  long  remis- 
sions and  the  change  in  symptoms  from  time  to  time  seem  to  point  to 
an  essentially  curable  condition  if  the  proper  measures  were  employed. 

While  the  incidence  of  the  disease  is  probably  greater  between  the 
ages  of  twenty  and  thirty,  it  is  not  very  unusual  for  it  to  appear  earlier 
in  life.  Eichorst  reported  a  case  with  necropsy  in  an  eight  months'  old 
child  born  of  a  mother  with  the  same  affection.  Very  seldom  does  the 
disease  develop  later  than  the  age  of  fifty,  but,  as  the  disease  runs  a 
very  slow  course,  it  is  not  uncommon  to  find  it  present  in  old  people. 
I  have  seen  many  patients  past  sixty  years  of  age  with  this  disease  and 
in  almost  all  of  them  the  onset  of  the  affection  dated  back  twenty 
to  forty  years. 

Opinions  differ  as  to  its  frequency.  Some  of  the  best  observers  in 
continental  Europe  (Oppenheim  and  others)  believe  it  to  be  one  of  the 
most  frequent  organic  diseases  of  the  nervous  system.  American  writers 
usually  regard  the  disease  as  rare.  Starr,  for  instance,  reports  109  cases 
of  multiple  sclerosis  in  31,502  patients.  In  1905  Spiller  and  Camp, 
reporting  two  cases  with  necropsy,  could  find  only  six  cases  in  the 
American  literature  with  necropsy,  but  since  that  time  a  number  have 
been  reported.  Certainly  one  factor  in  its  supposed  rarity  in  America 
is  the  difficulty  in  diagnosis.  Some  observers  regard  it  as  being  more 
frequent  in  males.  My  own  experience  has  been  that  the  sexes  are 
about  equally  affected. 

Etiology. — The  etiology  of  the  disease  is  uncertain.  Striimpell 
holds  that  the  cause  lies  in  some  factor  inherent  in  the  individual's 
nervous  tissues,  a  theory  which  is  not  generally  accepted.  It  frequently 
follows  some  infectious  disease — typhoid  fever;  scarlet  fever;  measles; 
influenza;  cholera;  whooping  cough ;  and  acute  rheumatism  (Oppenheim) ; 
malaria  (Spiller);  diphtheria  (Henschen);  the  puerperium  (Iloesslin). 
It  has  also  been  attributed  to  zinc  poisoning  (Schlockow),  manganese 
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poisoiiiiif?,  mercury  poisoning  (Gerhardt),  and  poisoning  with  asper- 
g-illus  fumigatus  (Ceni  and  Besta).  Syphilis  is  not  a  cause  of  multiple 
sclerosis,  although  a  positive  Wassermann  has  been  found  in  ai)parently 
non-syphilitic  cases.  Trauma,  especially  if  combined  with  worry  or 
mental  shock,  has  been  regarded  as  a  cause  in  some  cases.  Spiller  and 
others  have  called  attention  to  the  occurrence  of  the  disease  after 
exposure  to  cold,  and  a  history  of  such  exposure  has  been  very  fre- 
quently obtained  in  my  cases.  It  is  quite  possible  that  the  cold  acts 
by  lowering  the  resistance  to  some  infection,  in  much  the  same  way  as 
exposure  to  cold  is  a  cause  of  pneumonia.  Also,  it  seems  very  possible 
that  the  acute  infections  above  mentioned  act  by  lowering  the  resist- 
ance of  the  individual  to  some  special  infection. 

Pathological  Anatomy. — The  pathological  anatomy  consists  of  sharply 
defined  areas  of  sclerosis  scattered  through  the  central  nervous  system, 
often  affecting  one  part  more  than  another,  sometimes  affecting  onlj'^ 
certain  parts.  It  is  this  variability  in  the  distribution  of  the  sclerotic 
foci  that  gives  rise  to  such  great  variations  in  the  clinical  picture  of  the 
disease.  With  the  unaided  eye  and  under  low  powers  with  the  micro- 
scope, the  patches  appear  to  have  sharply  defined  margins  and  even  with 
the  higher  powers,  the  margins  are  more  definite  than  areas  of  soften- 
ing caused  by  cerebral  thrombosis.  They  affect  both  white  and  gray 
matter,  show  no  tendency  to  involve  any  special  tracts  of  the  spinal 
cord,  and  vary  greatly  in  size,  some  being  so  small  as  only  to  be  visible 
microscopically.  Within  the  sclerotic  areas  the  myelin  sheaths  of  the 
nerve  fibers  are  degenerated  and  their  place  is  taken  by  a  growth  of 
neuroglia,  but  the  nerve  fibers  themselves,  the  axis-cylinders,  usually 
persist,  as  can  be  shown  by  special  staining  methods.  The  fact  that 
many  of  the  axis-cylinders  persist  in  the  sclerotic  areas  explains  why  the 
secondary  degeneration  from  those  areas  is  comparatively  slight. 
While  traversing  these  patches  the  axis-cylinder  is  without  its  sheath, 
and  is,  therefore,  uninsulated  from  others  in  the  vicinity.  It  is  possible 
that  this  condition  gives  rise  to  a  confusion  of  the  impulses  being  carried 
over  these  fibers  and  that  some  of  the  symptoms,  such  as  intention 
tremor,  etc.,  are  produced  in  this  way. 

Siemerling  and  Raecke  have  made  very  careful  studies  of  these 
patches  and  their  conclusions  are  of  great  importance.  They  found 
that  the  sclerotic  areas  were  always  in  relation  to  bloodvessels,  and 
that  especially  in  the  smaller  and  more  recent  areas  this  relation  was 
pronounced.  In  these  foci  there  was  a  round-cell  infiltration  about 
the  bloodvessel,  which  in  the  older  plaques  was  absent.  This  cellular 
infiltration  had  also  been  noted  by  Oppenheim  and  by  Spielmeyer 
and  means  much  in  any  consideration  of  the  pathogenesis  of  the  con- 
dition. In  the  fibrillar  preparations,  by  the  Bielschowsky  method, 
there  was  invariably,  in  the  more  recent  foci,  an  area  in  which  the 
fibrillffi  appeared  disintegrated.  The  middle  point  of  this  area  was 
a  bloodvessel,  or,  if  no  bloodvessel,  some  blood  pigment.  These  small 
hemorrhages  have  also  been  observed  by  others — Strahuber,  Schuster 
and  Bielschowsky.   Siemerling  and  Raecke  conclude  that  the  develop- 
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ment  of  the  plaques  in  multiple  sclerosis  is  due  to  an  extension  of  small 
myelitic  or  encephalitic  foci  in  connection  with  the  bloodvessels. 
It  is  an  inflammatory  process,  proceeding  from  the  region  of  the  blood- 
vessel. First  there  is  a  small  hemorrhage  with  slight  involvement 
of  the  neurofibrillse  and  more  marked  destruction  of  the  myelin 
sheath.  The  glia  proliferation  is  partly  a  reaction  to  an  irritant  and 
partly  a  simple  formation  of  scar  tissue.  The  condition  might  be  caused 
by  an  intoxication  or  poison  or  by  a  chronic  infection. 

Symptoms. — The  classical  symptoms  of  nystagmus,  scanning  speech, 
and  intention  tremor  cannot  be  relied  upon  to  make  a  diagnosis  of  this 
condition.  The  nystagmus  is  present  only  in  from  50  per  cent.  (Frankl- 
Hochwart,  Schultz)  to  75  per  cent.  (Miiller,  Marie)  of  cases  of  multiple 
sclerosis,  and  it  is  present  in  many  other  conditions,  such  as  cerebellar 
affections,  labyrinthine  conditions,  etc.  Scanning  speech  was  present 
in  only  15  per  cent,  of  the  cases  in  Miiller's  own  clinic,  in  only  25  per 
cent,  of  the  cases  he  collected  from  the  literature.  The  intention  tremor 
is  a  more  common  symptom,  but  even  it  was  absent  in  30  per  cent, 
of  Miiller's  cases,  controlled  by  autopsy  findings.  The  comparative 
rarity  of  this  disease  in  some  American  clinics  may  be  explained  b}'  the 
fact  that  some  observers  rely  on  the  above  symptoms  to  diagnosticate 
the  disease.  While  the  presence  of  the  above  triad  of  symptoms  permits 
the  diagnosis  to  be  made,  there  are  usually  other  sj'mptoms  of  equal 
diagnostic  importance  and  symptoms  which  require  that  measures 
be  taken  for  their  relief. 

Among  the  most  common  symptoms  complained  of  by  these  patients 
is  headache,  which  was  present  in  one-third  of  Miiller's  cases  and  in 
practically  all  of  mine.  It  is  sometimes  severe  and  continuous  and, 
when  accompanied  by  vertigo  and  vomiting  attacks,  may  give  rise  to 
suspicion  of  brain  tumor.  Sometimes  when  coming  on  in  attacks  it  is 
diagnosticated  as  migraine.  Often  it  is  a  diffuse,  pressing  pain,  not  unlike 
that  called  neurasthenic.  Attacks  of  vertigo  are  not  uncommon.  True 
apoplectic  attacks  are  very  rare,  but  apoplectiform  attacks,  transient 
loss  of  consciousness,  followed  by  a  transient  weakness  or  transient 
sensory  changes  are  not  at  all  unusual.  Epileptiform  attacks  may 
also  occur.  Attacks  of  the  Jacksonian  type  of  epilepsy  have  been 
described  bv  Gussenbar. 

The  mental  state  of  many  of  these  patients  is  profoundly  influenced, 
though  it  has  little  that  is  characteristic.  Excitement  and  deteriora- 
tion are  rare,  although  Oppenheim  speaks  of  "transient  dementia  and 
confusional  attacks."  Persecutory  ideas  are  frequently  found,  having 
been  described  as  a  characteristic  by  Dannenberger,  Charcot,  Bruns- 
Stolting,  and  others.  The  most  frequent  mental  state  is  a  simple  de- 
pression which  is  sometimes  pronounced  and  accompanied  by  suicidal 
tendencies.  On  the  border-line,  between  a  neurological  and  psychological 
manifestation,  is  the  forced  laughing  and  crying,  seen  in  more  than  half 
of  these  patients.  Frequently  it  is  unaccompanied  by  any  emotion, 
and  is  supposed  to  be  flue  to  lesions  in  the  basal  ganglia. 

Ocular  and  visual  symptoms  are  very  common.    The  frequency 
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of  nystagmus  has  been  mentioned.  Transient  ocular  palsies  occur 
in  about  40  per  cent,  of  the  cases,  causing  transient  diplopia.  A  loss 
of  pupillary  reflexes  has  been  described  and  also  Argyll-Uobertson 
pupil.  The  finding  of  the  Argyll-llobertson  pupil  should  lead  to  very 
careful  investigation  for  a  possible  syphilitic  origin.  Ciianges  in  the 
eye-ground  appearance  are  found  in  over  50  per  cent,  of  cases,  accord- 
ing to  Uhthoff,  and  a  pallor  of  the  temporal  side  of  the  optic  nerve 
head  is  most  characteristic  of  the  disease.  Optic  neuritis  and  choked 
disk  rarely  occur.  Various  changes  in  vision  have  been  described. 

It  is  characteristic  that  there  is  usually  an  apparent  disproportion 
between  the  fundus  changes  and  the  visual  disturbance.  Total 
amaurosis  is  rare.  More  commonly  there  are  defects  in  color  vision  or 
in  the  visual  fields.  Klingmann  has  described  the  frequent  occurrence 
of  multiple  scotomata  in  the  visual  fields. 

The  typical  scanning  speech,  when  it  is  present,  is  highly  diagnostic, 
but  other  changes  in  speech  may  occur.  A  spastic  paresis  of  the 
pharynx  may  lead  to  symptoms  resembling  bulbar  palsy,  and  this  may 
be  combined  with  some  difficulty  in  swallowing.  Salivation  is  not  a 
symptom  of  multiple  sclerosis. 

Respiration  and  heart  action  are  not  usually  interfered  with,  although 
Miiller  has  reported  a  case  accompanied  by  attacks  of  paroxysmal 
tachycardia  in  which  it  was  possible  that  a  sclerotic  patch  in  the  medulla 
might  have  been  responsible  for  the  heart  symptoms.  Paralytic  symp- 
toms in  the  face  and  tongue  occur  but  rarely.  Trigeminal  neuralgia  is 
not  infrequent  and,  according  to  Oppenheim,  may  be  one  of  the  first 
symptoms  of  the  disease.  The  same  author  is  authority  for  the  state- 
ment that  a  nerve  deafness  is  sometimes  a  symptom. 


The  motor  symptoms  are  very  important  not  only  as  diagnostic 
phenomena,  but  also  because  they  are,  in  many  cases,  the  symptoms 
of  which  the  patient  most  complains.  In  the  early  stages  of  the  disease, 
ataxia  of  the  arms  or  legs  may  be  present  and  precede  the  development 
of  any  other  motor  disturbance.  This  ataxia  is  rarely  accompanied 
by  changes  in  sensation  in  the  part  afi'ected,  as  is  the  case  in  tabes 
dorsalis,  polyneuritis,  etc.  The  gait  is  of  a  staggering,  irregular  type, 
not  markedly  afi'ected  by  closing  the  eyes,  and  accompanying  this 
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there  is  iisiially  some  stiffness  in  the  legs,  giving  a  spastic  element. 
The  irregularity  of  the  gait  may  be  further  increased  by  an  intention 
tremor  in  tlie  legs.  The  intention  tremor  is  usually  most  pronounced 
in  the  hands,  showing  itself  in  attempts  to  convey  food  to  the  mouth, 
in  the  handwriting,  etc. 

The  tendon  reflexes  are  usually  increased  unless,  as  in  a  case  reported 
by  Spiller,  a  sclerotic  patch  lies  directly  in  the  path  of  one  of  the  reflexes, 
in  which  case  that  reflex  would  be  lost.  The  skin  reflexes,  on  the  other 
hand,  such  as  the  abdominal  and  cremasteric,  are  usually  lost.  This 
dissociation  of  reflexes,  increased  tendon  reflexes  and  lost  skin  reflexes, 
is  very  characteristic  of  the  disease.  The  Babinski  reflex  is  present 
in  a  large  percentage  of  cases  of  multiple  sclerosis  and  its  presence  is  of 
great  value  in  the  diagnosis  of  this  disease  from  hysteria.  Muscular 
atrophy  is  rare  but  is  sometimes  present  in  this  affection. 

The  sensory  changes  of  multiple  sclerosis  have  been  repeatedly 
investigated.  One  of  their  chief  characteristics  is  their  fluctuating 
character.  They  occur  in  more  than  two-thirds  of  all  cases  and  are  both 
subjective  and  objective  in  character.  Severe  pain  may  be  for  years 
the  only  symptom  of  the  disease  (Gebhardt),  It  is  only  rarely  of 
typically  neuralgic  or  lancinating  character,  more  frequently  it  is  a  dull 
ache,  sometimes  in  muscles,  sometimes  in  joints,  but  usually  moving 
about  and  with  marked  variations  in  intensity.  Paresthesias  of  various 
kinds  may  be  present.  They  usually  are  more  marked  in  the  distal  por- 
tions of  the  extremities.  Objective  sensory  disturbances  are  frequently 
found  and  may  afTect  different  forms  of  sensation  and  be  of  various 
distribution.  A  hemianesthesia  is  sometimes  present;  at  other  times 
there  are  patches  of  anesthesia. 

Disturbances  of  the  function  of  the  bladder  occur  in  at  least  three- 
quarters  of  the  cases.  Often  this  takes  the  form  of  transient  attacks 
of  retention.  Rarely  does  the  symptom  become  permanent.  Miiller 
describes  as  a  frequent  symptom  in  the  early  staged  a  peculiar,  dull 
sensation  in  the  bladder  region  accompanied  by  difficulty  in  starting 
the  flow  of  urine.  Some  disturbance  of  rectal  function  is  found  in 
many  cases.  It  is  usually  of  the  same  character  as  the  bladder  disturb- 
ance, but  the  obstipation  may  alternate  with  attacks  of  diarrhea. 
Menstrual  irregularities  occur  not  infrequently.  Vasomotor  and  secre- 
tory symptoms  are  not  uncommon — hj^peridrosis  and  local  flushings, 
etc.  Sometimes  the  disease  is  accompanied  by  one  of  the  various 
angioneuroses,  such  as  erythromelalgia  (Collier,  5  cases;  Cassierer, 
1  case).  Examinations  of  the  blood,  urine,  and  cerebrospinal  fluid  are 
usually  negative. 

Many  atypical  cases  of  multiple  sclerosis  occur  and  attempts  to 
classify  these  cases  have  been  made  by  Oppenheim  and  others.  There 
is  little  to  be  gained  by  a  clinical  classification  of  types  of  the  disease, 
since  the  symptoms  depend  entirely  on  the  number  and  location  of  the 
sclerotic  patches,  thus  permitting  of  almost  infinite  variations. 

Differential  Diagnosis. — Multiple  sclerosis  may  resemble,  to  a  greater 
or  less  extent,  a  great  many  other  diseases  of  the  nervous  system; 
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the  differential  diagnosis  in  some  cases  being  exceedingly  difficult  and 
only  possible  by  the  most  painstaking  examination.  Many  of  these 
cases  are  diagnosticated  as  neurasthenia  and  hysteria,  but  Babinski's 
phenomenon,  fundus  changes,  etc.,  do  not  occur  in  these  affections. 
Paralysis  agitans  is  characterized  by  a  tremor  at  rest;  multiple  sclerosis, 
by  an  intention  tremor.  The  other  symptoms  of  multiple  sclerosis 
are  absent  in  paralysis  agitans.  Apoplectiform  attacks  and  epilepti- 
form attacks  may  lead  to  the  diagnosis  of  apoplexy  or  epilepsy,  and  in 
both  cases  the  other  symptoms  of  multiple  sclerosis  will  be  necessary  to 
establish  the  diagnosis.  Cerebrospinal  syphilis  and  the  metasyphilitic 
diseases,  such  as  tabes  and  paresis,  may  be  readily  confounded  with 
multiple  sclerosis,  especially  if  they  present  an  atypical  clinical  picture; 
perhaps  the  most  reliable  method  of  differentiation  is  the  chemical 
and  cytological  examination  of  the  spinal  fluid  and  the  presence  of 
the  positive  Wassermann  reaction  in  the  spinal  fluid  (using  0.6  c.c. 
of  fluid). 

The  symptoms  of  headache,  vomiting,  and  vertigo  occurring  in  a  case 
of  multiple  sclerosis  may  suggest  the  diagnosis  of  brain  tumor  especially 
if  some  optic  neuritis  is  found.  Brain  tumors,  however,  if  in  the  cere- 
brum, may  produce  definite  localizing  signs,  but  are  not  accompanied 
by  the  other  signs  of  multiple  sclerosis;  if  in  the  cerebellum,  the  gait, 
speech,  nystagmus,  etc.,  may  resemble  closely  the  signs  of  multiple 
sclerosis,  but  in  such  cases  a  high  degree  of  choked  disk  is  usually  an 
early  symptom.  It  must  be  remembered  that  some  cysts  of  the  cere- 
bellum and  tuberculomata  may  be  very  difficult  to  differentiate  from 
multiple  sclerosis.  Some  cases  of  acquired  hydrocephalus,  through  the 
pressure  on  the  cerebellum,  produce  symptoms  which  may  be  mistaken 
for  those  of  multiple  sclerosis,  but  the  diagnosis  in  this  event  is  usualh^ 
not  difficult. 

Amyotrophic  lateral  sclerosis,  especially  in  the  early  stages,  may  cause 
confusion,  but  intention  tremor,  nystagmus,  scanning  speech,  etc.,  are 
absent  in  this  affection.  Acute  disseminated  encephalitis  and  encephalo- 
myelitis may  produce  symptoms  indistinguishable  from  multiple 
sclerosis,  but  the  course  of  these  conditions  is  not  the  same.  Family 
spastic  paralysis  and  the  hereditary  cerebellar  ataxias  may  be  dis- 
tinguished by  their  hereditary  character  and  the  absence  of  some 
of  the  symptoms  of  multiple  sclerosis,  especially  those  in  the  sensory 
sphere.  Cerebral  arteriosclerosis  is  not  usually  difficult  of  diagnosis; 
the  age  of  the  patient  and  the  blood  pressure,  the  sclerosed  peripheral 
arteries  and  the  permanency  of  the  symptoms  are  good  diagnostic 
criteria.  Diffuse  sclerosis,  a  condition  in  which  there  is  a  diffuse  over- 
growth of  neuroglia  throughout  the  central  nervous  system,  does  not 
give  the  symptoms  of  multiple  sclerosis  in  a  characteristic  form  and 
is  usually  accompanied  by  dementia.  Pseudosclerosis  (Westphal- 
Striimpeli),  a  condition  in  which  there  are  no  anatomical  changes 
discovered  in  the  central  nervous  system,  has  symptoms  similar  to  those 
of  diffuse  sclerosis.  The  diagnosis  from  a  diffuse  sclerosis  is  frequently 
impossible. 
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The  symptoms  of  clironic  manganese  poisoning  and  chronic  mercury 
poisoning  may  resemble  multiple  sclerosis  very  closely;  the  history, 
and  the  relief  of  the  symptoms  l)y  remoN'al  of  the  cause,  are  sometimes 
necessary  to  establish  the  diagnosis  of  these  conditions. 

Treatment. — Since  the  development  of  the  idea  of  an  exogenous 
origin  for  the  affection,  such  as  some  toxin  or  infection,  there  is  reason 
to  hope  that  an  efficient  prophylaxis  may  some  time  be  discovered. 
At  present,  however,  we  can  do  nothing  in  this  direction. 

The  disease  is  usually  of  long  duration  and  not  in  itself  fatal.  Spon- 
taneous remissions  frequently  occur,  of  greater  or  less  duration.  Oppen- 
heim  speaks  of  having  seen  six  cases  in  which  remissions  had  occurred 
in  which,  at  the  time  of  writing,  there  had  been  a  period  of  ten  years 
of  freedom  from  sj'mptoms.  Cases  in  which  the  diagnosis  has  been 
established  with  clinical  certainty  are  very  rarely,  if  ever,  cured.  P. 
INIarie  has  suggested  that  an  antitoxin  might  be  discovered  for  the 
disease,  but  nothing  has  been  accomplished  in  that  direction.  The 
observation  of  Oppenheim  that  in  a  case  of  multiple  sclerosis  all  evi- 
dence of  the  disease  disappeared  following  an  attack  of  facial  erysipelas 
is  interesting  in  this  connection. 

Buzzard  calls  attention  to  some  analogies  between  multiple  sclerosis 
and  cerebrospinal  syphilis,  and  suggests  that  the  former  is  due  to  some 
parasite  similar  to  the  treponema,  which  further  study  may  be  able 
to  isolate.  It  is  well  known  that  mercury  has  no  beneficial  effect  in 
multiple  sclerosis,  and  Buzzard  therefore  suggests  that  arsenic  be  used 
as  an  internal  antiseptic,  either  the  salvarsan  injection  or  in  other 
combinations.  He  does  not  report  any  experience  with  this  treat- 
ment. Kleineberger  reports  having  given  salvarsan  intravenously  to 
three  patients  with  multiple  sclerosis  without  beneficial  result.  Arsenic 
in  various  forms  has  been  used  a  great  deal  in  the  treatment  of  this 
disease,  and,  in  my  experience,  has  given  by  far  the  best  results  of  any 
form  of  medication.  My  practice  has  been  to  give  it  either  in  pills  of 
arsenous  acid  or  as  Fowler's  solution,  so  that  the  dose  may  be  gradu- 
ally increased  to  the  limit  of  tolerance  and  then  kept  just  below  this 
point  for  about  two  weeks.  After  an  intermission  of  about  two  weeks 
the  treatment  is  repeated.  Whether  arsenic  administered  in  this  man- 
ner acts  in  the  way  suggested  by  Buzzard  or  has  only  a  general  tonic 
effect  is  not  determined  by  the  result.  A  very  marked  improvement 
may  occur,  but  often  the  patient  relapses.  Another  method  of  admin- 
istration is  by  the  subcutaneous  administration  of  sodium  cacodylate. 
Frequently  good  effects  are  obtained  by  giving  arsenic  in  combina- 
tion with  various  tonic  medicines,  such  as  the  elixir  ferri  quinine  et 
strychnine,  U.  S.  P.,  or  as  in  a  prescription  recommended  by  Miiller: 


— Acid,  arsenic  

Extr.  strych  

Quin.  hydrochlor., 

Ferri  lacti  

Extr.  gent  

Ft.  pil.  no.  c. 

Sig. — One  or  two  pills  three  times  daily. 


.    gr.  f  0  05 

gr.  viij  0  5 

aa    gr.  viij  0  5 

q.  s. — M. 
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The  relation  of  some  cases  to  malarial  infection  suggests  the  use 
of  quinine  in  any  case  in  which  such  an  origin  may  be  suspected. 

Mercurial  treatment  is  rarely  beneficial  in  multiple  sclerosis,  but 
on  account  of  the  impossibility  of  differentiating,  clinically,  some  cases 
of  multiple  cerebrospinal  syphilitic  lesion.-,  from  multiple  sclerosis, 
in  the  absence  of  the  data  to  be  obtained  from  lumbar  puncture  and 
the  Wassermann  reaction,  it  may  be  advisable  to  try  the  effects  of 
mercurial  treatment  for  a  short  time.  Muhsam  and  Dana  both  speak 
of  having  obtained  good  results  from  the  use  of  antisyphilitic  treatment 
in  cases  diagnosticated  as  multiple  sclerosis.  Oppenheim  speaks  of 
having  seen  an  optic  neuritis  develop  in  the  course  of  an  "inunction 
cure,"  but  it  rapidly  subsided.  The  administration  of  potassium  iodide 
is  not  usually  followed  by  any  beneficial  results. 

Silver  nitrate  is  a  remedy  frequently  recommended  and  highly  praised 
by  some,  especially  older  writers.  In  more  recent  times  its  use  is  more 
or  less  abandoned.  Oppenheim  reports  having  used  the  unguentum 
Crede  in  a  number  of  cases,  and  thought  that  in  a  few  of  them  it  was 
followed  by  good  results. 

Salicylic  acid  and  its  salts,  also  salicin,  aspirin,  etc.,  have  been  recom- 
mended as  curative  medicines,  but  their  effects  seem  very  temporary. 
Starr  suggests  that  cod-liver  oil  is  of  service  in  these  cases,,  and  Dana 
records  a  case  in  which  a  remission  occurred  while  the  patient  was 
receiving  phosphates.  Chloride  of  gold,  ergot,  iron,  physostigmine, 
and  zinc  are  the  other  remedies  which  have,  from  time  to  time,  been 
suggested  and  received  support  from  some  observers.  The  occurrence 
of  spontaneous  remissions  probably  accounts  for  the  belief  in  the 
helpfulness  of  so  many  remedies  when  there  is  no  valid  reason  why 
they  should  have  any  action  whatever  on  the  disease. 

Oppenheim  recommends  a  diaphoretic  treatment  in  those  cases  in 
which  the  course  of  the  disease  takes  the  form  of  acute  attacks.  A 
rest  treatment  is  of  value  in  some  cases,  more  especially  in  those  in 
which  fatigue,  weakness,  and  loss  in  weight  are  prominent  symptoms. 
Even  without  the  complete  rest  treatment  much  benefit  ma}^  be  derived 
from  keeping  the  patient  as  quiet  as  possible,  forbidding  all  excitement 
and  special  exertion  and  insisting  on  regularity  in  meals,  etc.  Many 
observers  have  noted  the  beneficial  effects  of  visits  to  cure  resorts, 
such  as  Nauheim,  Oeynhausen,  and  others.  While  hydrotherapy  is  not 
of  much  value,  tepid  baths  or  salt  baths  at  95°  F.,  as  recommended 
by  Starr,  may  be  of  some  benefit.  Very  hot  or  cold  baths  are  to  be 
avoided.  Electrical  treatment  is  not  usually  followed  by  any  marked 
improvement.  Oppenheim  recommends  galvanization  of  the  head 
and  back.  The  violet  rays  have  been  used  with  apparent  benefit 
(Dana).  General  massage  and  passive  movements  in  the  more  advanced 
cases,  or  moderate  exercise  in  fixed  amount  and  preferably  in  the  open 
air  in  the  milder  cases,  are  measures  of  value  in  keeping  up  the  patient's 
general  nutrition  and  should  not  be  neglected. 

Symptomatic  Treatment. — In  all  chronic  diseases  one  of  the  most 
important  features  of  any  treatment  is  the  securing  of  relative  comfort 
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to  the  patient  by  the  amelioration  of  those  symptoms  which  most 
annoy  or  distress  him.  The  neuralgic  pains  and  headaches  may  be 
combated  witli  the  coal-tar  products,  acetphenetidin,  gr.  v  to  x,  pyra- 
midon,  acetanilide,  etc.,  although  care  should  be  taken  that  the  patient 
takes  them  only  by  the  advice  of  the  attending  physician.  Salicylates, 
and  especially  aspirin  and  salicin,  are  frequently  of  value  in  relieving 
pain.  Local  application  of  heat  is  sometimes  effective,  or  a  light, 
stroking  massage  of  the  part.  The  local  application  of  the  galvanic 
current  may  be  used  for  the  same  purpose,  the  anode  being  applied  to 
the  painful  area  and  a  2  to  5  ma.  current  allowed  to  pass  for  from  five  to 
fifteen  minutes.  The  electrode  should  be  slowly  moved  about  over  the 
skin  and  care  should  be  taken  to  avoid  any  shock  by  suddenly  making 
^r  breaking  the  current.  A  lumbar  puncture  had  a  markedly  beneficial 
effect  on  the  pain  in  one  of  my  cases,  even  though  there  was  no  increase 
in  the  intracranial  pressure  and  no  abnormality  in  the  fluid;  the  patient 
remained  entirely  free  from  pain  for  over  a  week. 

The  possibility  of  attacks  of  vertigo,  faintness,  syncope,  etc.,  should 
be  borne  in  mind  and  the  patient  warned  against  going  into  dangerous 
situations.  Dana  recommends  the  administration  of  atropine  or 
belladonna  for  the  vertigenous  symptoms.  Usually  the  vertigenous 
attacks  result  from  rapid  change  of  position,  and  may,  with  care,  be 
avoided. 

The  mental  symptoms  are  sometimes  very  much  in  evidence  and 
increase  greatly  the  difficulties  of  the  care  of  these  patients.  When 
there  are  paranoid  tendencies  the  attitude  of  opposition  to  treatment 
and  suspicion  of  the  good  intentions  of  those  caring  for  the  patient 
frequently  result  in  such  a  complete  disregard  of  orders  that  successful 
treatment  can  only  be  carried  out  under  restraint  in  an  institution. 
The  simple  mental  depression  which  is  more  commonly  present  may  be 
one  of  the  chief  complaints  of  the  patient.  Something  can  be  done 
by  providing  cheerful  and  congenial  companionship,  or,  if  the  patient 
is  able,  an  interesting  occupation.  The  occupation  that  might  prove 
useful  in  this  way  w^ould  have  to  be  selected  to  suit  the  individual  case, 
and  care  should  be  taken  that  the  success  of  the  enterprise  is  not  de- 
feated or  rendered  difficult  by  the  patient's  physical  infirmities  else 
the  patient  becomes  discouraged  and  more  depressed  than  ever.  Sui- 
cidal tendencies  are  not  uncommon  in  multiple  sclerosis,  and  two  of 
my  patients  have  actually  committed  suicide,  one  by  hanging,  another 
by  leaping  from  a  window.  In  both  cases  the  act  was  apparently 
impulsive,  since  no  special  previous  preparation,  such  as  writing  farewell 
letters  or  adjusting  financial  affairs  had  been  made,  and  in  neither 
of  these  cases  had  the  tendency  been  very  apparent.  Psychotherapy 
is  not  effective  in  relieving  the  mental  state  aside  from  the  temporary 
effect  of  reassurance  and  suggestion.  Hysterical  phenomena  compli- 
cating the  case  may  be  relieved  in  this  way. 

The  paralysis  is  usually  of  the  spastic  type.  The  spasticity  may  be 
relieved  temporarily  by  warm  baths,  light  massage,  and  passive  move- 
ments.  The  relief  usually  does  not  last  more  than  an  hour,  and  is  not 
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worth  wliile  unless  the  patient  complains  of  the  feeling  of  stiffness. 
Owing  to  the  fluctuating  character  of  the  symptoms,  surgical  operations 
for  the  relief  of  spasticity,  such  as  Forster's  operation,  the  resection  of 
the  posterior  spinal  nerve  roots,  are  not  to  be  recommended.  Elec- 
trical stimulation  to  the  paralyzed  muscles  seems  to  have  no  good  effect, 
and,  if  anything,  increases  the  spasticity. 

The  treatment  of  the  staggering  depends  upon  the  mechanism  of  its 
cause,  which  is  probably  totally  different  in  diiferent  cases.  When  the 
staggering  depends  upon  an  interference  by  a  plaque  of  sclerosis,  in 
the  path  of  coordinate  motor  impulses  no  treatment  will  be  of  value 
save  the  removal  of  the  plaque,  and  the  same  is  true  if  the  equilibrium 
is  destroyed  by  a  lesion  of  the  equilibratory  centre;  but  if  the  trouble 
consists  of  an  interference  with  sensory  impulses,  muscle  and  joint 
sensibility  from  the  lower  extremities,  then,  by  educating  another 
sense  to  take  their  place,  the  defect  can  be  annulled.  It  is  in  the  latter 
case,  which  may  be  diagnosticated  by  sensory  examination  of  the  lower 
limbs,  that  the  Frenkel  reeducational  exercises  may  be  expected  to 
be  of  benefit.  No  exercise  should  be  taken  that  causes  any  unpleasant 
sense  of  fatigue. 

The  tremor  is  distinctly  less  when  the  patient  is  mentally  at  ease, 
and  therefore  the  surroundings  of  the  patient  have  much  to  do  with 
it.  Occasions  when  the  tremor  is  likely  to  be  particularly  annoying, 
such  as  in  writing  or  at  table,  should  be  surrounded  with  precautions 
against  excitement.  Veronal  has  been  recommended  by  Oppenheim 
as  a  useful  drug  to  control  the  tremor.  It  probably  acts  only  by  lessen- 
ing mental  excitement. 

Retention  of  urine  may  require  special  treatment.  It  is  usually 
a  transient  symptom  and  may  consist  simply  of  difficulty  in  starting 
the  stream.  Simple  measures,  such  as  the  sound  of  running  water, 
local  application  of  heat  to  the  lower  abdomen,  or  pressure  on  the  abdo- 
men, may  be  sufficient  to  give  relief,  but  the  catheter  may  be  necessary. 
As  the  retention  is  usually  due  to  an  increased  reflex  activity  of  the 
bladder  sphincter,  any  source  of  local  irritation  should  be  cared  for  and 
the  urine  rendered  as  unirritating  as  possible  by  drinking  large  quantities 
of  water. 

The  visual  disturbances  are  not  usually  much  benefited  by  treatment 
directed  specifically  to  them.  Vibratory  massage  to  the  eyeballs  appears 
to  be  of  some  benefit  in  those  cases  where  a  distinct  optic  atrophy 
exists.  Uhthoff  has  called  attention  to  the  fact  that  the  vision  is 
improved  after  prolonged  rest  of  the  eyes,  especially  rest  in  a  darkened 
room. 

Diet  does  not  seem  to  influence  the  disease  to  any  great  extent, 
so  that  a  general  mixed  diet  consisting  of  such  articles  as  are  easily 
digested  may  be  recommended.  I  have  used  a  purin-free  diet  in  several 
cases  and  believe  that  it  was  beneficial.  A  warm  and  dry  climate  is 
of  benefit  for  the  pain,  but  in  other  respects  the  climate  does  not  seem 
to  affect  these  patients. 
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THE  TREATMENT  OF  THE  TOXEMIAS  OF  DANGEROUS 

TRADES  AND  OF  DRUGS 

By  LOUIS  CASAMAJOR,  M.D. 

DANGEROUS  TRADES:  METALLIC  SUBSTANCES 

General  Prophylaxis. — It  was  to  the  metalHc  substances,  primarily 
lead,  that  interest  was  first  attracted  when  the  study  of  trade  diseases 
was  first  inaugurated.  Men  had  known  for  years  that  certain  trades 
bestowed  disease  and  death  upon  workers,  but  it  was  only  after  the 
birth  of  the  idea  of  employers'  responsibility  that  organized  go^'ern- 
ment  began  to  take  cognizance  of  this  fact.  It  was  soon  seen  that  most 
of  these  disablements  were  preventable  and  that  proper  precautionary 
measures  would  conserve  the  health  of  the  workmen — a  real  asset 
to  the  State. 

Prophylaxis  then  must  be  the  main  element  in  the  handling  of  trade 
diseases,  even  more  than  in  diseases  of  other  etiology.  This  phase 
of  the  situation  is,  in  the  main,  a  legislative  one,  and  deserves  only 
passing  mention  in  a  work  on  medical  treatment. 

In  the  civilized  countries  of  the  present  day,  there  are  laws  being 
constantly  enacted  to  protect  the  workers  in  dangerous  materials,  and 
most  of  these  have  to  do  with  improving  working  conditions  and  thus 
minimizing  the  danger  of  contact  with  poisons.  As  the  prophylaxis 
of  all  mineral  poisons  has  points  in  common,  this  subject  may  be  con- 
sidered for  all  together.  First,  the  mineral  poisons  handled  in  industry. 
The  most  important  of  these,  both  from  the  point  of  frequency 
and  danger,  is  lead.  After  this  come  arsenic,  mercury,  copper,  and 
manganese. 

"Dust  and  fume,"  says  Oliver,  "are  the  greatest  foes  of  industrial 
life,"  as  it  is  by  these  means  that  most  of  the  industrial  poisonings  occur. 
The  dust  in  the  air  is  taken  into  the  mouth,  the  air  passages,  and  lungs, 
and,  most  important  of  all,  swallowed  with  the  saliva.  Probably  none 
of  the  metallic  poisonings  occur  from  absorption  through  the  lungs. 
The  pulmonary  epithelium  is  occupied  solely  with  the  absorption  of 
gases,  and  whatever  solid  matter  enters  the  lungs  is  probably  never 
allowed  to  enter  the  general  circulation.  When  a  small  amount  of  dust 
enters  the  lungs,  as  in  the  case  of  every  city  dweller,  the  phagocytic 
blood  cells  take  it  up  and  dispose  of  it,  usually  by  storing  it  in  the 
lymph  nodes  at  the  bases  of  the  lungs  and  in  the  interstitial  tissues. 
When  large  amounts  of  solid  matter  are  inspired,  much  of  it  is  disposed 
of  in  this  manner,  while  the  remainder  is  taken  up  by  the  phagocytes, 
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derived  both  from  the  blood  and  from  the  lung  parenchyma  itself. 
Later  this  finds  its  way  into  the  bronchi  and  is  coughed  up,  giving  the 
dark  colored  sputum  which  most  dust  workers  show. 

When  the  poison  is  swallowed,  the  procedure  is  different  and  indus- 
trial poisons  are  swallowed  in  the  first  place  in  the  form  of  dust,  which 
attaches  itself  to  the  moist  mucous  membranes  of  the  mouth  and  nose 
and  passes  down  to  the  stomach,  with  the  swallowed  saliva  and  naso- 
pharyngeal mucus.  Secondly,  workers  who  are  not  careful  as  to  the 
condition  in  which  their  food  and  hands  are  kept,  swallow  considerable 
quantities  of  the  materials  they  work  with  whenever  they  take  their 
meals.  Every  worker  who  eats  with  the  dust  of  toil  on  his  hands  takes 
in  a  measurable  quantity  of  the  poison  with  every  bit  of  food  he  handles. 
In  other  trades,  such  as  typesetters  and  flower  workers,  where  lead 
products  are  held  in  the  mouth,  it  is  the  dissolved  and  swallowed  poison 
which  is  responsible  for  the  toxemia. 

When  the  metallic  substances  reach  the  stomach  they  find  there  a 
warm  acid  medium  which  favors  solution.  All  of  the  metals  mentioned 
have  soluble  chlorides  and  any  number  of  soluble  albuminates  and  other 
protein  products.  Rambousek  has  shown  that  the  solubility  of  metallic 
lead  and  white  lead  is  much  increased  by  the  presence  of  1  per  cent, 
of  peptone.  Absorption  of  the  heavy  metals  takes  place  in  the  intestines. 
While  the  greatest  percentage  of  these  substances  pass  through  with  the 
feces,  nevertheless  some  of  the  matter  is  absorbed  by  the  healthy 
epithelial  cells;  probably  more  when  ulcers  exist,  due  to  local  action 
of  the  poisons.  W^hen  the  salts  of  the  metals  enter  the  circulation, 
they  are  taken  up  and  stored  by  practically  all  parts  of  the  body, 
but  principally  by  the  liver  and  kidneys.  While  absorption  is  a  slow 
process,  excretion  is  a  much  slower  one,  so  that  with  continued  poison- 
ing, such  as  the  workers  are  subjected  to,  there  is  a  cumulative  action 
of  the  ingested  poison.  Excretion  takes  place  for  the  most  part  through 
the  lower  bowel  and  to  a  lesser  extent  through  the  kidneys,  although 
traces  of  lead  have  been  demonstrated  in  the  milk  and  saliva.  It  is 
a  matter  of  grave  doubt  whether  the  skin  glands  participate  in  the 
excretion  to  any  extent. 

Importance  of  Cleanliness. — From  this  short  summary,  it  becomes 
obvious  that  the  prophylaxis  of  the  mineral  industrial  poisons  may  be 
summed  up  in  the  word  "cleanliness."  Cleanliness  first  in  the  air  the 
workers  must  breathe.  This  must  be  brought  about  by  the  elimina- 
tion of  dust  and  fume.  This  may  be  accomplished,  when  practicable, 
by  changes  in  the  method  of  handling  materials  so  that  finely  pulverized 
matter  is  not  handled  at  all,  or  handled  in  the  wet  state,  in  which  no 
dust  can  arise.  When  this  is  impracticable,  proper  ventilation  must  be 
brought  about  in  the  workroom.  Large  airy  rooms  minimize  the  danger 
by  lessening  the  concentration  of  dust  in  the  atmosphere.  Forced 
draft  ventilators  and  the  installation  of  exhaust  shields  over  furnaces, 
machines,  and  work  tables  do  much  to  lessen  the  danger.  When  it  is 
possible,  work  in  the  open  air  instead  of  under  cover  frequently  solves 
the  problem. 
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More  difficult  than  this  is  the  question  of  personal  cleanliness  of  the 
workers.  Here  one  meets  an  individual  problem  of  extreme  difficulty. 
Familiarity  ever  breeds  contempt,  and  it  is  no  eas.\  matter  to  convince 
workers,  especially  those  of  limited  intellig'Pnce,  that  danger  lurks  in 
this  element  of  their  every-day  life.  All  those  who  have  attempted 
to  force  workers  in  dust  to  use  air  filters  which  are  attached  over  the 
mouth  and  nose  will  testify  to  the  uselessness  of  these  contri  Nuances. 
Not  that  they  are  in  themselves  useless,  but  it  is  impossible  to  induce 
workers  to  use  them.  They  are  clumsy,  uncomfortable  things  at  best 
and  interfere  with  talking,  and  the  workers  believe,  breathing,  and  are 
soon  discarded.  The  author  tried  the  experiment  of  having  some  men 
who  work  in  thick  dust  supplied  with  these  filters.  After  a  week, 
no  man  was  using  them  and  those  who  still  carried  them  in  deference 
to  the  rules  usually  wore  them  hanging  from  their  belts. 

The  question  of  inducing  workers  to  wash  the  hands  before  each 
meal  presents  the  same  difficulty,  especially  among  those  who  from 
childhood  up  have  believed  that  washing  is  rather  a  luxury  of  the 
effete  than  a  matter  of  necessity.  Nevertheless,  every  workshop  where 
dangerous  substances  are  handled  should  be  equipped  with  a  proper 
washroom,  with  hot  water  and  plenty  of  soap  and  towels,  and  the 
workmen  urged  to  utilize  these  conveniences.  At  any  rate,  an  absolute 
prohibition  can  be  placed  on  workmen  eating  at  the  place  of  work 
or  near  the  materials  of  their  trade.  A  final  word  must  be  said  here 
upon  the  practice  of  tobacco  chewing  as  a  prophylactic  agent,  which 
amounts  practically  to  a  superstition  among  certain  metal-workers, 
notably  those  in  brass  and  zinc.  This  is  undoubtedly  more  than  a 
superstition,  for  when  we  reflect  that  most  of  the  poison  is  swallowed 
with  the  saliva,  we  readily  see  how  the  tobacco  chewer  with  his  continual 
spitting  would  swallow  much  less  during  the  day  than  would  his  non- 
chewing  fellow-worker.  In  the  industrial  toxemias,  as  in  everything 
else,  prophylaxis  is  the  important  thing,  for  the  treatment  of  the  severe 
conditions  when  they  occur  is  not  happy  in  its  results. 

Lead. — Incidence. — Lead  is  undoubtedly  responsible  for  more  of 
the  industrial  toxemias  than  any  other  substances,  as  it  is  one  of  the 
most  extensive  in  use.  Not  only  is  metallic  lead  used  both  in  the  pure 
state  and  in  alloys  with  other  metals,  but  many  salts  of  the  metal  find 
daily  use,  especially  the  oxides,  the  basic  carbonate  (white  lead),  the 
acetate,  chromate,  and  sulphate. 

Those  who  work  with  lead  in  the  metallic  state  and  in  alloys  acquire 
the  toxemia  in  one  or  two  ways.  First,  by  means  of  getting  the  toxic 
agent  on  the  hands  and  conveying  it  to  the  mouth  with  the  food,  etc. 
A  second  way  occurs  in  those  who  handle  the  lead  in  the  molten  state. 
In  this  condition,  fumes  are  given  off  and  the  molten  surface  quickly 
becomes  coated  with  a  suboxide  which  is  one  of  the  most  toxic  of  lead 
compounds.  Workers  who  are  subject  to  these  dangers  are  principally 
pipe-makers,  shot-foundry-workers,  bullet-makers,  and  those  in  lead- 
casting  works,  plumbers,  tinsmiths,  roofers,  file-cutters,  engravers, 
braziers,  brass-workers,  printers,  and  typesetters.     Other  poisonings 
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from  metallic  lead  have  been  described  in  persons  who  have  drunk 
from  vessels  cleansed  with  lead, shot,  and  in  a  few  rare  instances  the 
poisoning  has  been  traced  to  the  presence  of  a  lead  bullet  in  tlie  body. 

Poisonings  from  the  salts  of  lead  occur  most  commonly  among  painters 
from  white  lead,  dye-workers  from  the  soluble  salts  of  lead  used  as 
mordants,  glass-  and  enamel-workers,  paper-makers  where  lead  salts 
are  used  to  give  weight  and  "body"  to  the  paper,  porcelain-workers, 
especially  kiln-workers,  where  lead  salts  are  used  to  furnish  the  glaze, 
storaire  batterv  and  electric  accumulator-workers,  and  in  fur-workers 
where  the  fur  and  hair  are  boiled  with  lead  salts.  More  unusual  forms 
of  poisoning  have  been  observed  in  seamstresses  from  putting  lead 
treated  thread  into  the  mouth.  Flower-makers  (Charcot  and  Yron) 
and  rubber-workers  (Putnam).  Again  the  use  of  lead  paste  to  remove 
hair  and  the  presence  of  lead  chrome  in  foods  have  been  known  to  cause 
lead  poisoning  symptoms.  Recently  twenty  cases  of  lead  poisoning 
occurred  in  the  Brooklyn  Navy  Yard  among  men  who  were  engaged 
in  chipping  lead  paint  from  the  sides  of  old  iron  ships. 

Clinical  Forms. — We  are  interested  here  only  in  the  effect  of  lead  on 
the  ner\  ous  system,  as  the  general  aspect  of  lead  poisoning  cannot 
be  considered.  A  history  of  lead  colic,  the  presence  of  a  lead  line  on 
the  gums,  and  the  blood  picture  of  lead  poisoning  are  always  important 
points  in  the  diagnosis,  but  not  always  indispensable.  The  same  may 
be  said  of  the  presence  of  lead  in  the  urine. 

Peripheral  neuritis  is  the  form  of  nervous  system  lead  intoxication 
most  commonly  seen.  This  is  the  usual  toxic  neuritis,  which  may  be 
general  or  partial,  with  the  pains,  paresthesias,  loss  of  reflexes  and  par- 
alyses that  go  with  peripheral  neuritis  of  any  etiology.  The  most 
usual  and  typical  neuritis  is  the  local  neuritis  especially  that  wdiich 
affects  the  upper  extremities.  If  only  one  arm  is  affected,  it  is  usually 
the  right.  Pain  is  often  the  first  sjonptom.  This  is  quickly  follow^ed 
by  weakness  of  the  extensor  muscles  of  the  hand,  beginning  generally 
in  the  radial  region.  From  this  time  on  the  progress  is  slow,  and  it 
goes  on  eventually  to  complete  paralysis  with  wrist-drop  and  muscular 
atrophies  with  reaction  of  degeneration  in  the  paralyzed  muscles. 
Fibrillary  twitchings  have  been  observed  in  the  paralyzed  muscles  in 
a  few  cases.  The  course  of  the  condition  is  very  chronic  and  without 
proper  treatment  stubborn  and  disabling  contractions  develop.  Unless 
the  toxic  agent  is  removed,  other  parts  of  the  body  become  similarly 
involved  and  a  multiple  neuritis  develops. 

Of  the  central  nervous  system  poisonings  due  to  lead,  we  have  a 
large  number  of  illy  defined  conditions  which  are  grouped  under  the 
general  heading  of  encephalopathia  saturnina  or  lead  encephalopathy. 
In  an  article  on  treatment,  one  can  hardly  hope  to  differentiate  these 
complex  states,  so  it  must  suffice  to  but  mention  them  here.  The 
primary  lesion  in  all  cases  is.  in  all  probability,  a  sclerosis  of  the  brain 
vessels,  and  the  extent  and  location  of  the  sclerotic  process  accounts 
for  the  nature  of  the  picture.  Many  of  the  cases  begin  with  coma  and 
delirium  and  from  this  many  different  conditions  develop,  among  which 
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are  general  cerebral  arteriosclerosis  with  apoplexy,  prolonged  comas, 
sometimes  terminating  fatally —" coma  saturnina,"  ejjileptiform  con- 
vulsions, at  times  going  on  to  status  epilcpticus,  other  types  of  convul- 
sions which  may  resemble  those  of  hysteria  and  deliria,  with  violent 
hallucinations,  resembling  at  times  delirium  tremens  (mania  saturnina). 
Again  one  may  see  hallucinations  with  uncloudetl  consciousness  or  a 
clinical  picture  resembling  arteriosclerotic  dementia.  Elsching  reported 
some  cases  with  retrobulbar  optic  neuritis. 

A  peculiar  and  little  recognized  type  of  lead  encephalopathy  has 
been  described  by  Maas.  The  lesion  in  these  cases  has  been  an  internal 
hydrocephalus  with  serous  meningitis  and  ependymitis  as  the  primary 
cause.  The  symptoms  these  cases  have  presented  have  been  in  the  main 
those  of  internal  hydrocephalus  or  of  brain  tumor.  In  fact  most  of 
these  cases  had  been  originally  diagnosticated  brain  tumor.  In  all  prob- 
ability, many  of  the  cases  of  so-called  "pseudobrain  tumor"  belong 
to  this  type  of  lead  encephalopathy.  The  most  prominent  clinical 
features  are  severe  headache,-  vomiting  and  slowly  progressive  optic 
neuritis.  Some  cases  have  shown  the  Babinski  sign  on  both  sides  with 
increased  reflexes,  but  truly  localizing  signs  are  absent. 

In  the  spinal  cord  changes  due  to  lead  poisons  have  been  described 
but  rarely.  There  is  a  type  of  lead  pseudo-tabes  known,  and  it  is  prob- 
able that  there  are  cases  of  progressive  muscular  atrophy  which  rest 
upon  a  lead  foundation. 

Prophylaxis. — ^The  general  remarks  on  prophylaxis  in  the  introduction 
to  this  chapter  apply  to  the  lead  intoxications.  Removal  from  the 
source  of  trouble  is  the  best  measure  of  all,  but  unfortunately  not 
always  practicable.  For  years  there  has  been  a  superstition  that  the  use 
of  dilute  sulphuric  acid  (the  so-called  "sulphuric  acid  lemonade")  will 
prevent  lead  poisoning,  and  its  use  is  still  practised  in  many  places. 
The  theory  upon  which  this  is  built  is  the  insolubility  of  lead  sulphate 
in  water.  It  was  hoped  by  this  means  to  change  the  ingested  lead  into 
the  insoluble  sulphate  and  so  prevent  its  absorption.  The  fallacy 
of  this  idea  is  now  known.  While  lead  sulphate  is  not  soluble  in  water, 
it  is  known  to  be  actively  soluble  in  a  hydrochloric  acid  solution  of 
peptones  such  as  exists  in  the  human  stomach. 

Personal  cleanliness  and  the  washing  of  the  hands  after  work  is  a 
matter  of  great  import.  However,  the  habit  among  painters  of  washing 
the  hands  in  turpentine  to  remove  lead  bearing  paints  should  be  actively 
discouraged.  While  the  lead  salts  are  certainly  removed  by  this  means, 
the  action  of  the  turpentine  on  the  skin  is  so  injurious  that  it  makes 
the  roughened  skin  more  susceptible  to  the  action  of  the  lead  and  more 
in  a  condition  to  absorb  it.  All  lead-workers  should  be  encouraged  to 
immerse  their  hands  in  a  solution  of  potassium  sulphide  before  washing. 
This  converts  all  the  lead  salts  to  the  black  insoluble  sulj^hide,  which 
must  be  scrubbed  off  entirely  before  the  hands  look  clean.  This  calls  the 
attention  of  the  worker  to  the  lead  on  his  hands  and  prevents  the  over- 
looking of  considerable  quantities  of  colorless  lead  compounds  when 
the  washing  is  done  carelessly. 
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Treatment. — General  Considerations. — The  results  of  the  treat- 
ment of  acquired  lead  intoxiea'tions  are  none  too  gratifying  except 
in  the  neuritic  forms.  Having  stopped  the  further  ingestion  of  lead, 
one  must  attempt  to  accelerate  its  elimination  as  far  as  possible.  As 
we  have  seen,  the  elimination  of  the  heavy  metals  takes  place  princi- 
pally through  the  intestines,  with  the  kidneys  and  skin  as  secondary 
exits.  The  first  duty  then  is  to  favor  intestinal  elimination.  Every 
patient  at  the  outset  should  have  full  catharsis  with  calomel  up  to 
10  grains,  followed  in  three  to  five  hours  with  an  active  saline  cathartic, 
preferably  magnesium  sulphate  |  to  1  ounce.  Thereafter  the  patient 
should  receive  |  to  1  ounce  of  magnesium  sulphate  every  morning 
until  one  is  satisfied  that  elimination  has  been  completed. 

To  liberate  the  poisons  stored  in  the  liver,  kidneys,  and  tissues 
there  is  no  better  medium  than  the  iodides,  especially  those  of  sodium 
and  potassium.  It  is  no  uncommon  observation  that  the  use  of  large 
doses  of  iodide  in  lead  intoxication  is  frequently  followed  by  a  marked 
exacerbation  of  the  symptoms.  This  is  due  to  the  setting  free  of  large 
amounts  of  the  poison  into  the  general  circulation  from  the  storehouses 
of  the  liver  and  other  organs  by  the  iodine  salts.  In  these  organs  the 
lead  exists  as  a  more  or  less  inert  substance,  but  when  it  is  released 
into  the  general  circulation  it  acts  on  the  injured  nervous  system  just 
the  same  as  more  absorbed  lead  would.  Hence,  it  is  alw^ays  wise  to 
begin  with  small  doses  of  the  iodide  salts,  i.  e.,  5  gr.  t.  i.  d.,  and  increase, 
gradually  until  the  patient  is  taking  60  to  75  grains  (4  to  5  grams)  q.  d. 

With  the  lead  liberated  into  the  circulation  by  the  use  of  iodides, 
one  may  accelerate  its  elimination  by  means  of  the  kidneys  and  possibly 
the  skin.  Of  the  diuretics,  the  salines  are  of  most  value.  The  familiar 
ABC  diuretic  of  the  New  York  Hospitals,  which  consists  of  7|  grains 
each  of  the  acetate,  bicarbonate,  and  citrate  of  potassium  to  the  |  ounce 
of  water,  given  every  three  or  four  hours,  is  an  excellent  preparation. 
When  used  in  conjunction  with  large  amounts  of  water,  the  diuresis  is 
plentiful  and  satisfactory.  The  use  of  irritant  diuretics  such  as  those 
of  the  uric  acid  series  is  to  be  avoided. 

Of  diaphoresis  much  less  can  be  said.  As  an  eliminant  the  skin  is 
rather  a  poor  thing,  but  nevertheless  it  should  be  used  as  an  adjuvant 
to  the  kidneys.  The  use  of  ingested  diuretics,  such  as  pilocarpine,  is 
ordinarily  not  advisable.  Hot  baths,  steam  baths,  and  hot  packs  are 
the  best  diuretics  we  have.  Von  Jaksch  recommends  the  use  of  warm 
baths,  such  as  those  of  Baden  and  Aachen.  The  author  has  found  the 
following  routine  of  value  together  with  the  procedures  outlined  above. 
A  hot  tub  bath  100°  to  110°  F.  every  morning  for  one  hour  and  a 
wet  hot  pack  at  120°  F.  every  evening  for  forty-five  minutes.  Some 
authors  favor  the  use  of  electric  light  baths,  but  it  is  difficult  to  see 
in  what  way  they  surpass  the  hot  pack.  Again,  hot  sulphur  baths  are 
frequently  recommended,  and  here  again  one  can  see  very  little  to 
recommend  them  except  the  heat.  The  skin  at  best  eliminates  very 
little  of  the  toxic  agent,  and  the  external  application  of  dilute  sul])hur 
salts  can  hardly  aid  to  any  extent. 
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Tre  ATMENT  OF  Lead  Neuritis. — It  is  hardly  necessary  to  enter 
here  upon  the  treatment  of  lead  neuritis.  The  treatment  of  tlie  neuritis 
per  se  does  not  differ  from  that*  of  the  treatment  of  neuritis  from  any 
other  cause,  and  this  subject  has  already  been  expounded  in  another 
chapter. 

Treatment  of  Lead  Encephalopathy. — ^The  results  in  the  treat- 
ment of  lead  encephalopathy  has  so  far  been  none  too  happy.  When  one 
is  dealing  with  a  condition  of  more  or  less  extensive  brain  vessel  change, 
there  is  little  to  encourage  a  hopeful  outlook.  Segelkern,  howe\'er, 
obtained  good  results  in  a  case  of  convulsions  with  following  coma  for 
thirty-six  hours  in  a  lead-worker  by  the  use  of  the  lumbar  puncture. 
In  this  case  he  found  the  fluid  to  be  under  high  tension  and  after  the 
removal  of  60  c.c,  consciousness  returned  and  the  patient  showed 
no  further  symptoms  of  his  trouble  for  several  weeks.  Elsching  also 
recommends  puncture  and  the  withdrawal  of  fluid  up  to  60  c.c.  in  the 
cases  of  optic  neuritis  due  to  lead. 

Maas,  in  his  series  of  peculiar  cases  of  internal  hydrocephalus, 
recommends  puncture  of  the  corpus  callosum  for  the  complete  relief 
of  the  symptoms.  The  technique  of  this  operation  is  described  in  the 
chapter  on  Surgery. 

Besides  the  special  treatment  directed  toward  the  elimination  of 
the  lead,  one  must  not  forget  the  general  tonic  measures  invaluable 
in  all  chronic  diseases  and  in  convalescence.  The  usual  routine  of  fresh 
air  and  forced  feeding  with  milk  and  eggs  should  never  be  neglected. 

Arsenic. — Incidence. — Nervous  system  diseases  due  to  arsenic  are 
much  less  frequent  in  occurrence  than  those  we  have  just  been  con- 
sidering. In  the  first  place,  the  toxicity  of  arsenic  is  so  much  greater 
than  that  of  other  poisons  that  workers  are  more  careful  in  its  use  and 
more  laws  have  been  passed  to  restrict  its  employment  in  the  trades. 
Again,  the  acute  poisonings  are  so  severe  and  not  infrequently  fatal 
that  fewer  workers  live  long  enough  in  the  arsenic  trades  to  acquire 
chronic  poisoning  manifestations. 

The  copper  salts  of  arsenic  are  the  ones  of  most  common  usage,  and 
in  the  past  these  have  been  the  bases  of  practically  all  the  green  paints. 
With  legislative  activity  their  use  has  been  more  and  more  restricted, 
until  at  present  one  seldom  finds  arsenic  paints  in  use.  The  best  known 
of  these  green  pigments  are  Paris  or  Schweinfurt  green,  a  double  acetate, 
and  arsenite  of  copper  and  Scheele's  green,  the  arsenite  of  copper. 
Besides  their  use  as  paints,  these  substances  have  been  employed  as 
insecticides  especially  on  potato  plants  and  trees  and  have  even  been 
added  to  canned  green  vegetables  to  preserve  the  color.  The  physician 
very  seldom  sees  arsenic  poisoning  from  this  source  in  the  present  day, 
as  its  use  in  foodstuffs  and  other  articles  of  general  use  is  forbidden 
in  all  civilized  countries. 

Arsenious  acid  finds  a  very  restricted  use  in  industry.  Probably 
taxidermy  is  the  only  trade  where  this  substance  is  used  to  any  extent. 
Here  the  arsenites  of  potassium  and  sodium  combined  with  soap  and 
gum  are  often  used  to  stuff  animal  skins  on  account  of  their  preservative 
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action.  Arsenic  acid  has  a  somewhat  wider  apph'cation  and  is  used 
in  dye  works  as  a  mordant,  in  tanneries  for  removing  hair  from  hides, 
and  in  fireworks  factories  in  the  manufacture  of  white  fire. 

A  survey  of  the  etiology  of  chronic  arsenical  poisoning  would  be  in- 
complete without  a  reference  to  the  famous  epidemic  of  "beer  poison- 
ing" in  the  North  of  England,  in  1900;  the  epidemic  was  one  of  a  painful 
neuritis  with  herpes  going  on  to  total  paralysis.  The  causative  factor 
was  finally  traced  to  arsenic  in  cheap  beer,  which  was  extensively  drunk 
in  this  section.  Analysis  of  the  beer  showed  arsenic  to  the  amount 
of  0.14  to  0.3  grain  per  gallon.  The  arsenic  came  in  with  the  sugar 
used  in  the  fermentation.  This  was  invert  sugar,  and  the  inversion 
had  been  done  by  means  of  sulphuric  acid.  The  sulphuric  acid  had  been 
made  from  pyrites  mined  in  Spain.  It  was  found  that  the  original 
source  of  the  arsenic  was  here. 

Clinical  Pictures. — In  the  nervous  system,  arsenic  intoxication  is 
restricted  to  the  peripheral  nerves,  although  mental  signs  have  been 
observed.  Frequently,  arsenical  palsy  follows  an  acute  intoxication 
with  gastro-intestinal  symptoms  in  from  ten  days  to  four  weeks.  The 
lower  extremities  are  usually  the  first  affected,  giving  drop-foot,  loss 
of  reflexes,  and  ataxia.  Herein  it  differs  from  lead  neuritis,  which, 
as  a  rule,  aft'ects  the  arms  and  legs.  In  lighter  poisonings  there  is  mono- 
neuritis with  herpes;  in  severer  cases  the  neuritis  may  be  general,  but 
the  cranial  nerves  are  always  spared.  The  reflexes  are  lost;  sensation 
is  impaired,  the  pains  are  very  severe,  and  even  passive  motion  causes 
severe  pains.  The  nerve  trunks  are  exquisitely  tender.  In  very  severe 
cases  memory  disturbances  have  been  noted,  and  in  some  the  typical 
Korsakow  polyneuritic  psychosis.  Some  severe  cases  have  been  de- 
scribed as  "neurotabes,"  but  it  is  doubtful  if  the  spinal  cord  is  ever 
involved. 

Treatment.  —  The  general  principles  of  prophylaxis  and  general 
elimination  treatment,  which  have  been  outlined  in  the  section  on 
Lead,  apply  equally  as  well  to  arsenic  and  potassium  or  sodium  iodide, 
and  should  be  given  as  in  lead  poisoning,  but  it  is  doubtful  if  they  are 
of  as  much  value.  Raymond  advises  the  use  of  warm  sand  and  water- 
baths  for  the  severe  pains  of  arsenical  neuritis. 

Mercury. — Like  arsenic,  mercurial  poisonings  are  much  rarer  in  the 
present  day  than  formerly.  The  bad  effects  of  mercury  upon  its  workers, 
while  not  as  severe  as  those  of  arsenic,  have  nevertheless  been  of  suffi- 
cient moment  to  attract  the  attention  of  legislatures  and  occasion 
restrictive  laws.  Unlike  arsenic,  it  is  difficult  to  find  a  substitute  for 
this  metal,  so  that  its  use  in  the  trades  has  not  perceptibly  diminished. 
The  liquid  nature  of  the  metal  at  ordinary  temperatures  facilitates  its 
ingestion  both  in  its  normal  state  and  on  account  of  its  easy  volatility. 

In  the  industries,  mercury  is  used  much  more  often  in  its  metallic 
state  than  in  the  form  of  salts.  The  principal  industries  in  which  workers 
are  exposed  to  mercurialism  are  the  refineries  of  mercury  ores,  mirror 
factories,  thermometer,  barometer,  and  mercury  suction  pump  manufac- 
turers; electric  battery  making,  where  the  metallic  mercury  is  used  to 
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form  amalgam  with  the  zinc  and  also  some  of  the  salts  are  employed; 
match  factories,  where  mercury  salts  are  used  now  less  extensively 
than  formerly;  goldplating-workers;  and  in  the  manufacture  of  felt 
and  silk  hats,  where  salts  of  mercury  are  used  m  mordants  and  to  give 
weight  to  the  felt. 

Clinical  Picture. — The  sore  throat,  salivation,  and  diarrheas  of  acute 
mercurial  poisoning  are  too  familiar  to  require  mention,  but  the  chronic 
effects  of  mercury  on  the  nervous  system  are  much  less  understood. 
Of  peripheral  nervous  system  affections  there  is  no  regular  type, 
and  frequently  the  neuritic  symptoms  are  restricted  to  the  severe 
pains,  often  shooting  in  character,  which  are  general  in  distribution. 
In  a  few  severe  cases  a  true  amyotrophic  multiple  neuritis  has  been 
described.  Mercury  also  has  an  undoubted  effect  upon  the  central 
nervous  sj'^stem.  The  most  frequent  manifestation  is  the  mercurial 
tremor,  which  somewhat  resembles  that  of  paralysis  agitans  in  some 
cases  and  that  of  multiple  sclerosis  in  others.  In  more  severe  cases,  tonic 
spasms  or  even  general  convulsions  have  been  observed.  In  the  mental 
sphere  "mercurial  erethism"  is  known.  This  is  a  condition  of  abnormal 
irritability,  wath  psychic  unrest  and  dizziness,  stuttering,  disturbed 
sleep,  timidity,  and  general  muscular  weakness.  In  more  profound 
poisonings  this  condition  may  develop  into  a  wild  delirium,  with  more 
or  less  transitory  hallucinations.  Practically  nothing  is  known  of  the 
pathology  of  these  central  nervous  system  affections. 

Treatment. — After  absorption  most  of  the  mercury  is  taken  up  by 
and  stored  in  the  kidneys,  and  after  these  come  the  liver  and  spleen 
as  storehouses.  In  its  elimination  from  the  body  the  intestines  do  the 
bulk  of  the  work  with  the  kidneys  as  very  minor  adjuvants.  Small 
amounts  of  excreted  mercury  have  been  found  in  the  saliva  and  still 
less  in  the  sweat. 

In  the  treatment  of  mercurialism  we  see  the  necessity  of  encouraging 
elimination  by  the  intestines.  To  this  end  the  saline  cathartics  should 
be  used  as  has  been  outlined  in  the  section  on  Lead  Poisoning.  To  favor 
the  release  of  the  stored  metal  from  the  organs,  we  have  no  better 
drugs  than  the  iodides,  although  here  their  value  is  very  much  less 
than  in  the  case  of  lead.  In  fact,  it  has  been  doubted  whether  their 
value  is  at  all  appreciable.  Unlike  the  case  in  plumbism,  there  is  no 
necessity  for  beginning  with  small  doses  in  fear  of  increasing  the  symp- 
toms. Sodium  and  potassium  iodide  may  be  given  up  to  the  point  of 
tolerance,  probably  hundreds  of  grains  a  day,  as  has  been  the  common 
procedure  in  the  treatment  of  syphilis  for  many  years.  It  is  doubtful, 
however,  if  there  is  anything  to  be  gained  by  such  enormous  dosage, 
and  in  all  probability  just  as  much  good  is  to  be  expected  from  the  use 
of  45  to  60  grains  (3  "to  4  grams)  every  day.  Other  eHminati\-e  measures 
may  be  tried — diuresis  and  diaphoresis  by  means  of  hot  baths  and  packs 
—but  too  much  must  not  be  expected  from  them.  Hot  sulphur  baths 
are  recommended  by  some  authors,  but  in  them  the  heat  is  undoubtedly 
of  much  greater  vahie  than  is  the  sulj)hur. 

The  treatment  of  mercurial  neuritis  does  not  differ  from  that  of 
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neuritis  of  any  other  etiology.  Tlie  prognosis  of  the  central  nervous 
system  affections  is  not  a  brilliant  one  except  in  the  case  of  the  acute 
delirium.  In  any  event  the  patient  must  stop  his  work  and  be  removed 
from  the  source  of  his  intoxication.  Exercises,  life  in  the  open  air, 
forced  feeding,  sums  up  the  therapeutic  measures  open  to  use.  For  the 
mercurial  tremor,  massage  and  resistance  movements  may  prove  of 
value. 

Copper. — There  have  been  a  few  cases  of  neuritis  reported  in  brass- 
workers  which  have  been  attributed  to  copper.  The  clinical  picture 
was  that  of  a  peripheral  neuritis  affecting  the  lower  extremities  giving 
weakness  and  ataxia  with  loss  of  knee-jerks,  but  no  loss  of  pupillary' 
light  reflex.  The  condition  has  been  variously  described  as  "metal 
turner's  paralysis"  (Walton  and  Turner)  and  "pseudo-tabes  cuprica" 
(Suckling).  In  one  case  a  green  line  was  seen  on  the  gums  like  the 
well-known  gray  line  in  lead  poisoning.  In  nature  this  does  not  differ 
from  any  other  form  of  metal  toxic  neuritis,  and  is  treated  in  the  same 
manner. 

Manganese. — Embden  and  the  author  have  described  a  type  of 
poisoning  occurring  in  workers  in  manganese.  Embden 's  cases  occurred 
in  workers  in  a  manganese  dioxide  grinding  mill  and  those  of  the  author 
in  workers  in  a  separating  mill  connected  with  a  zinc  mine.  The  ore 
from  this  mine  contained  considerable  amounts  of  manganese.  In  both 
instances  the  poison  was  taken  in  the  form  of  dust. 

The  clinical  picture  resembles  that  of  lesions  of  the  cerebellar 
mechanism  of  the  central  nervous  system.  Gait  disturbances,  especially 
asynergia,  retro-  and  propulsion,  are  the  most  striking  features.  The 
patients  are  unable  to  walk  down  hill  without  running  or  falling  forward. 
Reflexes  aaid  sensations  are  undisturbed.  The  face  frequently  takes  on 
the  mask-like  character  of  paralysis  agitans.  Coarse  intention  tremor 
of  the  head,  body,  and  limbs  is  common.  In  some  cases  a  tendency 
to  impulsive  laughter  is  seen. 

The  prognosis  as  far  as  life  is  concerned  is  good,  but  that  for  recovery 
very  poor.  Some  cases  have  improved  on  being  remo\'ed  from  the  dust, 
but  none  has  recovered.  No  form  of  special  treatment  has  been  found 
in  the  least  efficacious. 


DANGEROUS  TRADES:  NON-METALLIC  SUBSTANCES 

Phosphorus. — The  use  of  phosphorus,  one  of  the  greatest  sources  of 
industrial  disablements,  has  been  of  late  years  very  much  restricted 
by  legal  enactment.  Although  restricted  practically  to  one  trade, 
that  of  match-making,  yet  its  toxic  effect  is  so  great  that  it  has  been 
accountable  for  as  much  suffering  as  any  other  substance.  Industrial 
phosphorus  exists  in  two  forms:  yellow  phosphorus,  which  is  soluble 
and  so  very  volatile  that  it  must  be  kept  under  water,  and  the  amorphous 
red  phosphorus,  which  is  practically  insoluble  and  not  volatile.  Prac- 
tically all  the  chronic  poisonings  come  from  the  use  of  the  yellow  variety. 
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Fortunately  the  old  "parlor  match,"  made  of  yellow  phosphorus,  has 
almost  disappeared  in  the  last  ten  years.  They  were  dangerous  not 
only  to  the  makers  but  also  to  the  users,  for  many  cases  of  poisoning 
and  death  have  been  reported  in  children  who  have  swallowed  the  lieads 
of  matches  in  play.  The  number  of  suicides  accomplished  by  means 
of  phosphorus  matches  is  not  inconsiderable.  Through  legislative 
activity  and  popular  enlightenment  these  dangerous  articles  have  been 
largely  superseded  by  the  "Swedish"  or  safety  match  in  which  the 
non-poisonous  red  phosphorus  is  used,  which  is  spread  over  the  side  of 
the  box  in  a  paint,  and  the  tipped-head  match  which  contains  no  phos- 
phorus. Besides  its  use  in  the  manufacture  of  matches,  phosphorus 
is  used  in  one  other  industry,  the  making  of  a  form  of  rat  poison:  the 
kind  whose  use  is  said  to  "  make  the  rats  go  out  of  the  house  before 
dying." 

Yellow  phosphorus  is  taken  into  the  body  mostly  in  the  form  of  vapor 
through  the  lungs,  although  probably  much  is  swallowed  by  match- 
workers.  It  is  only  slightly  soluble  in  water,  but  in  the  presence  of 
any  oil  it  becomes  readily  soluble  and  easily  enters  the  blood,  in  which 
it  exists  in  its  native  state.  The  excretion  of  phosphorus  is  still  a 
matter  of  doubt,  but  probably  it  escapes  from  the  body  in  the  form 
of  an  organic  compound  in  the  urine. 

Clinical  Picture. — Phosphorus  intoxications  affecting  the  nervous 
system  are  so  rare  that  their  existence  has  often  been  doubted. 
Henschen  has  reported  seven  cases  with  neuritic  symptoms  occurring 
after  the  absorption  of  phosphorus  coming  on  in  from  two  days  to  one 
month  after  the  poisoning.  The  main  symptoms  were  severe  pains, 
cutaneous  hyperesthesia  and  hyperalgesia,  and  great  sensitiveness  of 
the  nerve  trunks. 

Treatment. — Henschen,  who  is  the  only  author  reporting  phosphorus 
neuritis,  makes  no  mention  of  any  special  form  of  treatment.  As  so 
little  is  known  of  the  fate  of  phosphorus  in  the  body  and  the  moment 
of  its  elimination,  it  is  impossible  to  accurately  facilitate  its  passage 
from  the  body. 

Carbon  Bisulphide.  —  This  volatile  foul-smelling  liquid  has  found 
industrial  use  as  a  solvent  for  various  substances:  phosphorus,  iodine, 
fats,  oils,  tar,  rosin,  rubber,  and  gutta-percha.  In  the  present  day 
its  use  is  practically  restricted  to  the  rubber  industries,  in  which  many 
men  are  employed.  Here  practically  all  the  cases  of  poisoning  occur 
among  the  workers  in  the  vulcanizing  rooms,  where  the  bisulphide 
is  volatilized  by  heat.    Absorption  takes  place  through  the  lungs. 

Clinical  Picture. — Peripheral  neuritis  is  practically  the  commonest 
form  of  carbon  bisulphide  disease,  and  of  this  three  different  forms 
have  been  described: 

1.  Mononeuritis. 

2.  Symmetrical  polyneuritis. 

3.  Pseudotabes. 

Carbon  bisulphide  mononeuritis  occurs  usually  in  the  arms,  either  in 
the  median  or  ulnar  nerves.    It  is  a  typical  neuritis,  with  pain,  and 
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atrophies  of  the  hcand  muscles  have  been  described.  This  form  of  neu- 
ritis has  also  been  observed  in  the  optic  nerves  (Remak),  but  never  in 
any  other  of  the  cranial  nerves.  The  sj-mmetrical  polyneuritis  occurs 
in  the  lower  extremities.  It  is  of  the  usual  type  of  neuritis,  with  pains 
and  paresthesise,  loss  of  knee-jerks,  and  drop-foot. 

The  pseudotabetic  form  is  possibly  a  form  of  neuritis,  but  Stadelmann 
considers  it  to  be  due  to  the  central  nervous  system  involvement. 
This  author  described  two  cases  of  patients  who  came  from  a  vulcan- 
izing room,  and  they  showed  great  muscular  weakness,  with  tremor 
and  fibrillary  and  convulsive  twitchings  in  the  muscles.  Besides  this 
there  were  Arg^'ll-Robertson  pupil,  diminished  reflexes,  ataxia,  positive 
Romberg,  diminished  sensibility,  and  urinary  incontinence. 

On  the  mental  side  different  pictures  have  been  observed.  Charcot 
saw  psychic  symptoms  in  87.5  per  cent,  of  his  cases.  In  some  these 
manifestations  were  confined  to  headache,  dizziness,  dulness,  and 
extreme  fatigue.  Other  cases  have  difficulty  in  speaking  and  some 
loss  of  memory.  One  case  had  amblyopia.  Many  of  these  cases  had 
been  diagnosticated  hysteria,  as  have  so  many  other  obscure  conditions. 
In  severe  cases  psychoses,  very  similar  to  a  manic-depressive  psj'chosis, 
are  described.  Other  authors  speak  of  dementing  and  paranoid  states 
from  carbon  bisulphide  poisoning. 

Prophylaxis. — As  in  every  other  form  of  industrial  poisoning,  pro- 
phylaxis should  be  the  watchword,  as  the  treatment  of  the  acquired 
poisoning  is  not  encouraging.  All  vulcanizing  rooms  should  be  well 
ventilated  so  as  to  carry  off  the  injurious  fumes  as  rapidly  as  possible. 
No  man  should  be  allowed  to  work  in  a  vulcanizing  room  for  more  than 
four  hours  a  day  or  longer  than  one  week  at  a  time.  It  should  be  the 
routine  in  all  the  works  to  have  all  the  vulcanizers  examined  by  a 
physician  every  week.  As  soon  as  any  suspicious  signs  develop  the 
workers  should  be  forced  to  find  some  other  trade. 

Treatment. — The  prognosis  in  carbon  bisulphide  is  good  for  life  but 
poor  for  recovery.  The  treatment  must  be  merely  symptomatic,  as 
nothing  is  known  of  the  metabolism  of  the  poison.  Excretion  probably 
takes  place  through  the  lungs,  as  in  the  other  gaseous  substances. 
Of  the  special  treatments,  one  author  advises  the  use  of  large  doses 
of  quinine,  but  very  little  clinical  data  has  been  collected  to  attest  to 
its  value.  Another  advises  small  doses  of  phosphorus,  but  this  procedure 
is,  in  all  probability,  worse  than  doubtful. 

Cyanides. — Collins  and  Martland  have  reported  a  case  of  polyneuritis 
occurring  in  a  silver-polisher  employed  in  a  hotel.  The  method  used  was 
to  dip  each  article  in  a  solution  of  potassium  cyanide  and  then  dr}^  it. 
The  man  had  his  hands  in  this  solution  most  of  the  day.  The  clinical 
picture  was  that  of  an  extensive  multiple  neuritis  with  great  muscular 
atrophy  but  little  sensory  changes.  In  experiments  in  rabbits  the 
authors  found  the  anterior  horn  cells  of  the  cord  degenerated  as  well 
as  the  peripheral  nerves.  No  special  form  of  treatment  was  used  in 
this  case. 
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DANGEROUS  DRUGS 

Drugs  Inducing  Acute  Psychoses. — Delirium. — There  are  certcain 
drugs  which  when  taken  in  sufficiently  large  quantities  over  a  consider- 
able period  of  time  induce  acute  psychoses  of  an  active  delirious  type. 
These  drugs  belong  among  the  hypnotic  and  sedative  groups.  The 
bromides  are  accountable  for  many  of  these  psychoses,  undoubtedly 
more  than  is  generally  recognized.    This  type  of  delirium  has  been 
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known  to  have  been  induced  also  by  antipyretics,  such  as  acetanilide 
and  phenacetin;  hypnotics,  such  as  sulplional  and  trional;  and  sedatives, 
such  as  belladona,  hyoscyamus  and  its  alkaloids.  The  author  has  seen 
a  severe  delirium  resulting  from  the  use  of  bromo-seltzer  to  the  extent 
of  four  ounces  daily.    The  causative  factor  here  is  largely  acetanilide. 

The  metabolism  of  most  of  these  poisons  when  taken  into  the  body 
is  very  poorly  understood,  save  from  the  purely  theoretical  sides,  where 
the  studies  of  Meyer,  Overton,  and  others  have  shed  much  light  upon 
the  relation  of  narcotics  to  lipoids.  That  of  the  bromide  salts,  however, 
has  been  accurately  worked  out  practically  by  Laudenheim.  His 
work  throws  so  much  light  upon  the  bromide  deliria  in  special  and  upon 
toxic  deliria  in  general  and  offers  so  clear  a  rationale  for  treatment  that 
it  may  be  quoted  to  advantage  in  full.  He  sums  up  his  conclusions 
in  five  headings:  (1)  Bromide  salts  given  to  a  bromine-free  organism 
are  not  at  first  excreted  in  the  same  amounts  as  they  are  absorbed. 
For  a  long  time — at  least  one  week — the  greater  part  of  the  ingested 
salt  is  stored  up  in  the  body.  Only  after  the  formation  of  "bromide 
depots"  of  sizes  varying  with  the  individual  (up 'to  52  grams)  is 
an  equilibrium  between  the  intake  and  output  established.  Under 
abnormal  conditions — polyuria — the  output  can,  in  exceptional  cases, 
exceed  the  intake  (proportionately).  (2)  The  stored-up  bromide  salts 
remain  for  the  greater  part  dissolved  in  the  lymph.  (3)  The  primary 
cause  of  the  symptoms  of  bromide  poisoning  must  be  sought  for  in  an 
insufficiency  of  the  renal  and  cardiac  action  induced  by  the  bromide 
salts,  for,  in  urinary  retention,  the  bromide  is  retained  together  with  the 
other  constituents  of  the  urine.  (4)  In  individuals  whose  body  fluids 
before  the  use  of  bromine  were  very  poor  in  chlorine  (anemias,  cachexias, 
etc.)  there  is  a  specific  tendency  to  excessive  bromide  retention  and  the 
chlorine  is  excreted  from  the  body.  Here  bromism  comes  on  relatively 
early  and  from  small  doses.  (5)  By  the  addition  of  large  amounts  of 
sodium  chloride  the  bromine  excretion  is  considerably  increased  and 
thereby  the  "bromide  depots"  are  decreased. 

While  little  is  known  of  the  other  drugs  of  this  group  one  might 
easily  assume  that  their  action  is  not  unlike  that  of  the  bromides, 
especially  in  regard  to  the  storage  in  {he  body  and  their  excretion, 
although  it  is  very  doubtful  if  the  close  relation  to  the  chlorine  content 
of  the  body  obtains  in  any  other  drug  than  the  bromides. 

The  dosage  required  to  produce  a  drug  delirium  naturally  varies 
within  wide  limits.  In  the  case  of  the  bromides  the  delirium,  according 
to  Meyer,  may  result  from  the  use  of  4  grams  (60  grains)  of  the  drug. 
Again  in  other  cases,  as  every  physician  knows,  90  to  100  grains  may 
be  given  every  day  for  many  months  without  causing  any  delirious 
symptoms.  The  same  holds  true  in  the  case  of  the  coal-tar  antipyretics. 
The  patient  previously  mentioned  with  the  flelirium  from  bromo-seltzer 
took  an  equivalent  of  80  grains  of  acetanilide  for  over  three  months 
before  delirious  signs  developed. 

Excretion  of  these  drugs  takes  place  for  the  greater  part  through  the 
urine.  The  intestinal  tract  probably  also  excretes  a  little.  The  bromides 
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are  eliminated  to  a  very  slight  extent  through  the  skin,  which  accounts 
for  the  bromide  rash  so  often  seen  in  patients  taking  large  amounts 
of  these  salts.  The  signal  absence  of  a  bromide  rash  in  all  the  reported 
cases  of  bromide  delirium  is  added  evidence  of  the  fact  that  faulty 
excretion  is  the  foundation  of  the  trouble.  Belladonna  and  hyoscyamus 
are  excreted  to  a  small  extent  in  the  urine,  but  much  of  the  active 
alkaloids  of  these  plants  is  stored  in  the  body  and  possibly  reduced 
in  the  organs. 

Clinical  Picture  of  Drug  Delirium. — ^The  onset  of  the  condition  is  usually 
rather  sudden  following  a  period  of  dulness  and  apathy.  The  mental 
picture  is  that  of  the  true  toxic  delirium  with  confusion,  hallucinations 
of  sight  and  hearing,  distractibility,  tendency  to  flight  of  ideas,  memory 
anomalies,  fabrications,  misidentifications,  and  paraphasia.  This  last 
is  an  important  diagnostic  point.  On  the  neurological  side  a  number 
of  anomalies  are  met  with.  The  commonest  are  increase  and  inequality 
of  reflexes,  pupillary  changes,  and  general  cutaneous  hyperesthesia. 
At  times  before  the  onset  the  patient's  speech  changes,  and  it  sounds 
as  though  the  tongue  were  too  thick  for  the  mouth.  In  bromide 
delirium,  Seguin  has  described  a  "bromide  breath" — a  peculiar,  sweet, 
fetid  odor  to  the  breath. 

Treatment. — The  principal  points  in  the  treatment  of  the  drug 
deliria  are  to  stop  further  absorption  and  increase  elimination  of  the 
toxic  agent.  At  first  all  drugs  must  be  stopped,  for  when  more  than  one 
drug  has  been  given  it  is  difficult  to  signal  out  the  culprit.  In  elimina- 
tion, as  previously  shown,  the  kidneys  bear  the  brunt  of  the  labor. 
They  are  our  main  hope.  The  saline  diuretics  are  by  far  the  best.  The 
familiar  ABC  diuretic  consisting  of  7^  grains  each  of  the  acetate, 
bicarbonate,  and  citrate  of  potassium  in  ^  ounce  of  water,  given  every 
three  or  four  hours,  together  with  large  amounts  of  ingested  water, 
is  excellent  for  increasing  renal  elimination.  The  use  of  the  irritant 
diuretics  of  the  uric  acid  series  is  hardly  to  be  recommended  in  these 
cases  of  urinary  suppression. 

As  an  adjuvant  to  the  kidneys  the  skin  should  be  utilized.  Dia- 
phoresis is  best  accomplished  by  means  of  heat.  A  good  routine  is 
to  give  a  hot  tub  bath  for  one  hour  every  morning  and  a  hot  pack 
at  110°  F.  for  forty-five  minutes  every  night.  To  favor  elimination 
by  means  of  the  intestines  the  saline  cathartics  are  the  most  valuable; 
an  ounce  of  magnesium  sulphate  every  morning  keeps  this  portal  of  exit 
well  open. 

A  difficult  problem  in  the  handling  of  these  cases  comes  in  the  choice 
of  a  sedative  at  the  height  of  the  delirious  excitement.  It  is  frequently 
necessary  to  quiet  the  noisy  and  excited  patient  and  to  give  him  the 
necessary  sleep.  The  best  sedative  in  all  excited  cases  are  continuous 
hot  baths  and  hot  packs.  The  routine  hot  pack  at  night  not  infre- 
quently serves  as  a  sedative  and  insures  sufficient  sleep.  When  these 
measures  are  not  possible  or  inefficient  one  must  use  drugs.  One 
should  not  use  the  bromides,  chloral,  sulphonal,  or  hyoscine,  as  they 
not  only  augment  the  trouble  but  are  dangerous.    Morphine  and  the 
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opium  derivatives  are  worse  than  useless  in  excited  cases.  Undoubtedly 
the  best  drug  to  use  in  this  case  is  paraldehyde.  This  drug  belongs 
to  the  alcohol  series,  and  is  not  only  more  quieting  but  is  more  easilj^ 
eliminated  than  the  others  mentioned,  being  thrown  off  in  part  by 
the  lungs.  Doses  of  1  to  4  drams  three  or  four  times  a  day  are  all 
that  is  e^'er  necessary. 

The  diet  during  the  delirium  must  consist  of  liquids — milk,  broth, 
and  eggs — and  the  more  one  can  induce  the  patient  to  take  the  better. 
When  the  patient  refuses  to  take  food,  he  must  be  fed  with  a  stomach 
tube,  just  as  in  the  case  of  any  resistive  delirious  or  psychotic  patient. 
When  the  delirium  has  subsided  the  usual  reconstructive  measures 
must  be  employed — life  in  the  open  air,  exercise,  and  forced  feeding. 

A  special  form  of  treatment  in  the  bromide  deliria,  which  may  also 
be  of  value  in  those  from  other  drugs,  is  the  use  of  common  salt — sodium 
chloride.  Laudenheim  has  shown  how  the  increased  absorption  of 
sodium  chloride  favors  the  excretion  of  the  bromides,  and  on  this  theory 
it  is  given.  At  least  90  grains  (6  grams)  a  day  should  be  given  in  all 
cases  where  there  is  no  tendency  to  urinary  retention.  It  may  be  given 
in  milk,  water,  or  in  capsule. 

The  Habit  Forming  Drugs. — Opium  and  its  Alkaloids. — Cocaine. — 
Drug  habits  belong  to  human  nature  in  general  rather  than  to  any  race 
or  type  if  one  includes  the  drugs  in  universal  daily  use — coffee,  tea, 
and  alcohol.  While  these  must  be  included  among  the  drug  habits,  they 
are  not  usually  considered  such,  since  their  use  causes  symptoms  calling 
for  treatment  in  only  an  infinitely  small  percentage  of  users.  Opium 
and  cocaine  and  their  products  form  pernicious  habits  and  cravings 
in  their  users,  ruin  their  lives,  and  induce  psychoses.  These  habits  are 
the  ones  the  physician  is  called  upon  to  treat. 

The  use  of  opium  is  very  ancient  in  the  far  East,  and  today  the  opium 
habit  is  the  one  most  frequently  seen  and  treated.  Opium  may  be  taken 
by  inhalation,  smoking,  eaten  in  the  raw  form,  or  as  one  of  the  alkaloids 
or  by  hypodermic  injection  in  the  form  of  morphine  or  some  other  alka- 
loid. This  last  is  by  far  the  most  common  practice  in  the  present  day. 
Morphine  is  the  drug  most  commonly  used,  but  there  are  many  cases  of 
habit  contracted  from  the  use  of  codeine  aiid  heroine.  The  doses  taken 
by  old  habitues  are  often  enormous.  De  Quincey  took  8000  drops  of 
laudanum  a  day.  Rosenberger  reports  a  case  who  took  as  high  as  60 
grains  of  morphine  every  day.  This  patient  would  swallow  50  half- 
grain  tablets  at  once,  washing  them  down  with  a  water  solution  of 
chloral  and  sodium  bromide.  Jelliffe  reported  the  taking  of  90  grains 
of  morphine  daily  by  hypodermic.  People  taking  15  to  20  grains  of 
morphine  a  day  are  often  seen. 

The  cocaine  habit  is  one  of  more  recent  date,  although  the  natives 
of  Peru  and  Bolivia  have  chewed  coca  leaves  for  centuries  to  prevent 
fatigue.  As  a  single  habit  this  is  not  as  extensive  as  is  the  morphine 
habit,  but  in  many  cases  the  two  exist  in  the  same  individual.  It  is 
rarely  as  serious  as  morphinism,  and  is  the  more  easily  broken  habit  of 
the  two. 
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Clinical  Picture. — Tlic  clinical  picture  of  chronic  morphinism  is  so 
varying  and  exists  is  so  many  stages  that  space  does  not  permit  of  its 
description  here.  In  the  early  stages  it  is  almost  impossible  to  detect, 
as  the  patient  is  so  successful  in  hiding  it.  Later,  with  the  gradual 
health  deterioration  and  the  increase  of  the  grip  of  the  habit,  the  moral 
sense  is  dulled  and  the  patient  is  more  open  about  his  affairs.  With 
the  increasing  dosage  the  patient  becomes  irritable  and  excited,  and 
still  later  real  psychoses  develop.  Practically  the  same  thing  happens 
in  the  case  of  the  cocaine  habitue,  but  here  the  sedative  action  is  not  so 
great,  the  pupils  are  dilated,  not  contracted,  and  the  loss  of  weight  and 
emaciation  is  much  more  extensive. 

The  cause  for  the  taking  of  a  drug  is  practically  always  said  to 
be  pain.  When  so  such  pain  is  often  of  a  severe  and  lasting  character, 
such  as  that  of  gastric  ulcer,  the  neuralgias  (principally  trigeminal 
neuralgia),  neuritis,  sdaticas,  the  pains  in  the  crises  of  tabes  dorsalis, 
headache,  and  puritus  ani.  In  morphine  the  patient  finds  an  easy 
and  quick  relief  from  his  trouble.  It  soon  becomes  necessary,  howe^•er, 
to  increase  the  dose  to  get  relief.  Later,  when  the  patient  tries  to  stop 
the  drug  taking,  he  is  soon  overcome  wdth  such  pains,  weakness,  and 
discomfort  (abstinence  symptoms)  that  he  gladly  goes  back  to  his 
drug  for  relief.  He  has  now  become  a  habitue  or  "drug  fiend."  He 
realizes  his  slavery  and  dependence  on  the  drug.  If  his  strength  of 
purpose  is  suflScient  he  may  now  be  able  to  break  off  the  habit  by  making 
an  enormous  sacrifice  and  bearing  with  much  pain  and  discomfort  for 
a  short  time.  More  often  he  goes  on  with  his  habit,  secretly  indulg- 
ing in  it,  and  jealously  guarding  his  secret  from  the  world,  especially 
from  those  nearest  and  dearest  to  him.  Little  by  little  the  dose  neces- 
sary for  relief  creeps  up,  and  as  the  toxic  effect  becomes  more  marked 
he  increases  the  dose  by  jumps  in  an  attempt  to  bring  back  his  feeling 
of  well-being.  It  is  common  to  everyone  to  wish  to  "feel  fit"  all  the 
time,  especially  in  this  Twentieth  Century  active  living.  Every  mor- 
phinist promises  himself  that  he  will  give  up  the  habit  "some  day," 
but  each  day  that  comes  is  not  "the  day,"  and  he  feels  that  he  must 
keep  up  for  the  morrow.  Hence  the  rapid  increase  of  the  drug  in  an 
attempt  to  regain  thereby  the  will  and  energy  which  the  drug  itself 
has  killed. 

When  he  finds  that  his  old  friend  and  enemy  is  unable  to  restore  him 
as  of  3^ore  he  turns  to  anything  that  may  help  him  out  of  his  difficulty 
as  the  proverbial  drowning  man  grasps  at  the  straw.  Here  is  where  the 
patient  acquires  the  cocaine  habit  in  addition  to  what  he  already  has. 
This  is  also  the  turning  point,  for  now  the  patient  begins  on  the  down- 
ward path  to  the  state  of  the  pitiable  wreck  bereft  of  will  and  energy 
which  ends  in  a  psychosis.  In  this  stage  the  patient  is  no  longer  able 
to  conceal  his  habits  and  must  acknowledge  it;  his  moral,  ethical  sense 
has  been  numbed  and  he  will  stoop  to  any  means  to  obtain  his  drug. 
If  he  finds  his  usual  surroundings  unsympathetic  he  will  seek  other 
fields  for  companionship  and  associate  with  other  unfortunates  like 
himself.    When  he  reaches  this  stage,  friends  and  relatives  frequently 
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take  charge  of  him  against  his  feeble  will  and  bring  him  to  a  physician 
for  treatment.  In  all  these  cases  it  is  found  that  the  patient  is  taking 
a  good  deal  more  of  the  drug  than  is  necessary  to  keep  him  comfortable. 
The  excess — frequentl}'  one-third  more  than  is  necessary — represents  the 
unfortunate's  attempt  to  regain  his  old-time  energy  and  feeling  of 
well-being. 

Treatment. — The  main  thing  in  the  treatment  of  drug  habits  is  the 
withdrawal  of  the  drug.  This  forms  the  first  obstacle.  While  the  patient 
desires  to  be  freed  from  his  slavery  he  still  more  dreads  the  immediate 
effects  of  the  discontinuance  of  the  drug.  He  finds  himself  somewhat 
in  the  position  of  the  man  with  an  aching  tooth  who  wants  to  be  relieved 
of  his  pain,  but  holds  back  for  fear  of  the  pain  of  the  extraction. 
Although  the  drug  habitue  will  place  himself  under  the  care  of  the  physi- 
cian or  voluntarily  enter  an  institution  for  cure,  he  nearly  always  makes 
sure  of  having  a  large  amount  of  the  drug  with  him  before  he  does  so, 
in  order  to  meet  any  possible  emergency  in  his  old  way.  Such  patients 
use  great  ingenuity  in  secreting  the  drug  about  themselves,  carrying 
it  in  fountain  pens,  lockets,  cigarette  cases,  pipes,  toilet  articles,  in  the 
lining  of  their  clothes,  and  even  in  the  body  cavities.  Before  starting 
a  cure  at  home  or  in  a  sanitarium  the  patient  must  be  divested  of  all 
his  clothes,  given  a  bath,  and  moved  to  a  room  he  has  not  previously 
occupied.  Fresh  clothes,  carefully  examined,  should  be  given  him  and 
every  little  article  of  personal  use,  such  as  those  mentioned  above,  must 
be  carefully  inspected  before  being  given  to  the  patient,  to  make  sure 
that  no  drug  is  secreted  in  it.  One  must  also  make  sure  that  the 
patient  has  no  money  within  reach  with  which  to  buy  drugs  or  to 
bribe  attendants. 

A  trained  attendant  is  an  absolute  necessity  in  all  cases  and  one  must 
be  with  them  every  minute  of  the  time,  especially  at  first.  It  is  worse 
than  useless  to  entrust  this  duty  to  a  member  of  the  family,  a  relative, 
or  a  kind  friend.  Their  hearts  are  too  easily  touched  by  the  intense 
suffering  of  the  habitue  when  his  drug  is  taken  from  him,  and,  unable 
to  withstand  his  cries  and  pleadings,  they  frequently  give  him  "just 
a  little"  of  the  drug  to  ease  his  obvious  distress.  When  the  patient  from 
whom  the  drug  is  being  withdrawn  rapidly  says  he  feels  comfortable  the 
physician  should  be  very  suspicious.  One  may  be  sure  in  this  case 
that  the  drug  is  not  being  withdrawn  in  spite  of  all  assurances  to  the 
contrary  from  whatever  sources.  In  choosing  an  attendant  for  a  drug 
case  one  must  be  sure  to  get  one  whose  loyalty  and  sense  of  duty  are 
above  question.  There  is  no  doubt  that  women  attendants  are  much 
more  reliable  than  men.  Their  honesty  and  devotion  to  duty  are  apt 
to  be  greater. 

When  it  comes  to  withdrawing  the  drug  there  are  three  generally 
used  methods:  (1)  Gradual  withdrawal.  (2)  Immediate  withdrawal. 
(3)  Rapid  withdrawal. 

Each  of  these  methods  has  strong  advocates  and  equally  violent 
opponents.  When  one  reviews  the  literature  on  the  subject,  one  is 
immediately  struck  with  the  spirit  of  contention  which  pervades  the 
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whole  situation.  Each  author  stoutly  (lefeiuis  his  own  methods  and 
more  or  less  violently  assails  all  others.  All  have  in  them  much  to 
recommend  them.    Each  is  applicable  to  a  certain  class  of  cases. 

1.  Gradual  Withdrawal.— The  first  thing  is  to  determine  how 
much  of  the  patient's  daily  drug  intake  is  superfluous.  Limit  him 
to  the  smallest  amount  which  will  keep  him  comfortable.  When  both 
cocaine  and  morphine  are  used  the  cocaine  is  nearly  always  a  super- 
fluous drug  and  can  be  discontinued  at  once.  The  amount  of  morphine 
can  frequently  be  decreased  by  a  third  in  two  days  without  causing 
any  discomfort.  Patients  taking  ten  grains  a  day  can  easily  be  reduced 
to  six  in  most  cases,  but  from  this  point  on  there  is  difficulty.  Any 
further  reduction  causes  discomfort  and  collapse  if  continued. 

Brouardel  recommends  very  gradual  reduction,  lasting  over  a  period 
of  six  weeks  to  two  months.  He  advises  keeping  the  patient  in  bed 
during  the  treatment,  as  this  allows  a  greater  control  of  him  and  also 
prevents  accident. 

Jennings  advises  reduction  by  a  quarter,  a  third,  or  a  half  of  the 
original  dose  over  a  period  of  four  to  ten  days.  Such  rapid  withdrawal 
causes  heart  weakness,  collapse,  and  stomach  symptoms.  The  cardiac 
collapse  he  treats  with  the  use  of  sparteine  in  doses  of  one-third  to  one- 
half  grain  every  three  or  four  hours  as  indicated.  This  author  highly 
recommends  the  use  of  large  doses  of  sodium  bicarbonate  for  the 
stomach  pains  and  symptoms,  which  he  ascribes  to  hyperacidity.  This 
he  gives  by  preference  in  the  form  of  vichy.  Purgatives,  preferably 
salines,  are  a  very  essential  part  of  the  treatment. 

Pressy  takes  months  to  completely  withdraw  the  morphine.  He 
first  finds  the  minimum  necessary  dose  and  puts  the  patient  on  this 
for  two  or  three  days.  If  he  is  feeling  well  at  the  end  of  this  time 
he  makes  a  small  reduction  and  keeps  the  patient  at  this  dose  until 
he  again  feels  well.  He  never  reduces  the  dose  to  such  an  extent  as 
to  cause  anything  more  than  slight  discomfort  and  certainly  never 
enough  to  require  any  stimulant.  Of  course,  with  this  method,  it  is 
necessary  to  keep  the  patients  in  a  sanitarium  and  under  constant 
observation.  Tonic  treatment  and  nutritious  diet  are  necessary  adjuncts 
to  the  treatment.  When  the  drug  has  been  gradually  reduced  so 
that  the  patient  is  taking  only  ytit  grain  at  a  dose  it  may  be  safely 
withdrawn  altogether.  After  this  the  patient  should  be  kept  under 
careful  observation  and  not  allowed  to  return  to  his  home  for  some  weeks. 
Frequently,  patients  will  want  to  go  home  one  week  after  the  last  dose, 
as  they  feel  so  well,  but  this  is  to  be  discouraged.  Many  begin  to  feel 
badly  again  after  ten  to  fifteen  days,  for  a  few  days,  and  then  become 
much  discouraged,  feel  that  the  cure  was  a  fraud,  and  go  back  to  the 
drug  as  their  only  relief. 

An  easy  way  for  arranging  for  the  decreasing  doses,  where  the  daily 
amounts  taken  are  not  excessive,  is  by  the  use  of  Magendie's  solution 
of  16  grains  of  morphine  sulphate  to  one  ounce  of  sterile  water.  This 
solution  can  be  given  by  hypodermic  in  doses  of  7^  minims  (I  grain 
of  morphine)  as  often  as  is  necessary.    Every  time  7^  minims  of  the 
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solution  is  withdrawn  the  same  amount  of  sterile  water  should  be 
added  to  the  bottle.  By  this  means  a  very  gradual  reduction  can  be 
made  in  a  week  or  two,  and  when  the  solution  becomes  very  dilute, 
sterile  water  may  be  substituted  without  causing  inconvenience. 

2.  Immediate  Witpidrawal.  —  This  method  was  introduced  by 
Levinstein  in  Germany  and  seems  to  have  found  more  favor  abroad 
than  in  America.  In  using  this  form  of  treatment  the  patient  must 
be  completely  isolated  and  under  very  strict  observation  and  care. 
This  procedure  is  naturally  followed  by  a  period  of  intense  suffering 
and  often  danger  for  the  patient,  and  he  requires  very  active  treatment. 
The  morphinist  whose  drug  is  suddenly  stopped  becomes  frenzied,  is 
hardly  responsible  for  his  acts,  and  will  commit  suicide  or  even  murder 
if  the  opportunity  is  open  to  him. 

The  physician  must  in  every  case  substitute  something  for  the  drug. 
For  this  purpose  the  use  of  other  opium  products,  cocaine  or  cannabis 
indica,  is  not  to  be  considered  for  an  instant.  The  drugs  usually  sub- 
stituted fall  readily  into  two  classes:  (1)  sedatives;  (2)  cardiovascular 
stimulants. 

Sedatives. — These  drugs  are  given  with  the  idea  of  "knocking  the 
patient  out"  until  the  period  of  his  reaction  is  past.  Sodium  and  other 
bromides  are  not  of  much  value  and  the  same  may  be  said  of  trional, 
sulphonal,  etc.  Hirt  recommends  the  use  of  chloral  in  large  doses.  His 
procedure  is  as  follows:  After  withdrawing  the  morphine  a  long  sleep, 
twenty-four  hours  if  possible,  is  advisable.  To  insure  this  he  gives 
45  to  50  grains  (3  to  3^  grams)  of  chloral  on  the  first  and  second  days, 
and  on  the  third  and  fourth  days,  30  to  45  grains  (2  to  3  grams)  of  trional, 
or  more  if  necessary,  to  allow  the  patient  to  sleep  most  of  the  time. 
After  the  fourth  day  the  crisis  is  generally  over  and  reconstructive 
treatment  may  be  begun.  The  author  recommends  warm  baths  fol- 
lowed by  cold  showers,  two  to  four  times  a  day,  beginning  on  the  fourth 
day.  On  the  fifth  day  he  begins  to  employ  hypnotic  suggestion,  in 
sessions  of  one  hour  each,  three  times  a  day.  The  use  of  the  lighter 
hypnotic  states  is  usually  sufficient.  Hirt  considers  institution  treat- 
ment for  all  drug  cases  to  be  necessary  and  advises  its  continuance 
over  a  period  of  three  weeks  to  nine  months. 

The  drug  most  frequently  used  now  as  a  hypnotic  in  cases  of  rapid 
morphine  withdrawal  is  hyoscine.  This  method  was  first  introduced 
by  Lott  in  Texas.  The  procedure  is  as  follows:  Withdraw  all  morphine 
at  once  and  start  with  hypodermics  of  hyoscine  hydrobromate  yfo" 
to  grain  every  thirty  minutes  to  one  hour.  Push  the  hyoscine 
to  the  point  of  tolerance.  If  the  heart  action  becomes  weak,  give 
strychnine  to  grain  every  three  hours  per  hypodermic.  At 
first  the  patient  becomes  excited,  but  later  is  simply  restless,  with  low 
mutterings.  On  the  second  day  give  the  above  dose  of  hyoscine  every 
one  to  two  hours,  enough  to  keep  the  patient  well  under  the  influence. 
Use  strychnine  to  overcome  cardiac  weakness.  This  dosage  is  kept 
up  for  one  week  to  ten  days  and  then  the  amount  is  diminished  slightly, 
giving  it  every  three  or  four  hours  until  the  twelfth  or  fifteenth  day, 
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when  it  may  be  discontinued.  The  same  period  of  observation,  rest, 
exercise,  and  reconstructive  treatment  should  follow  as  in  all  other 
methods. 

The  rationale  of  the  cardiovascular  stimvlant  drugs  is  different  from 
that  of  the  use  of  the  sedative  drugs,  for  with  the  stimulant  an  attempt 
is  made  to  overcome  the  harrowing  effects  of  morphine  withdrawal 
by  stimulation  of  the  vasotonic  system  rather  than  by  dulling  the 
consciousness,  as  in  the  case  of  the  hypnotics. 

Erlenmeyer  and  Ilofman  are  enthusiastic  over  the  use  of  camphor  as 
a  stimulant,  as  they  claim  that  its  effect  on  the  cardiovascular  system 
is  exactly  opposite  to  that  of  morphine;  that  is,  it  contracts  the  vessels 
and  lessens  the  size  of  the  heart.  The  camphor  is  given  by  mouth 
in  the  dosage  of  7|  grains  (0.5  gram)  one  to  five  times  a  day.  The 
camphor  is  used  as  is  necessary  to  keep  the  patient  fairly  comfortable. 

Ergot  has  also  been  advised  in  this  respect  by  Livingston.  This 
author  considers  the  agitation  and  other  mental  signs  following  the 
withdrawal  of  morphine  to  be  due  to  vasomotor  paralysis.  This 
vasomotor  paralysis  is  seen  in  the  cutaneous  hyperemia  after  the  drug 
has  been  discontinued.  Livingston  considers  the  stomach  and  mental 
symptoms  to  be  due  to  the  same  vasodilatation.  Ergot  is,  in  his  mind, 
the  best  vasoconstrictor  for  this  use.  He  proceeds  as  follows:  as  soon 
as  the  patient  is  brought  under  control,  discontinue  the  morphine  at 
once  and  give  him  a  mercurial  purge;  institute  fluid  diet  with  abundant 
fluids,  and  all  during  the  treatment  give  enough  cathartics  to  cause 
two  or  three  bowel  movements  a  day.  He  starts  with  his  ergot  treat- 
ment as  soon  as  possible;  the  mixture  he  employs  consists  of  solid 
extract  of  ergot  (Squibbs)  1  dram  and  sterile  distilled  water  1  ounce; 
filter,  add  two  drops  of  chloroform,  and  shake.  Of  this  mixture  he  uses 
30  minims  per  hypodermic,  two  or  three  times  a  day  in  mild  cases  and 
every  two  hours  in  severe  ones.  This  is  continued  until  the  patient 
feels  well. 

3.  Rapid  Withdrawal. — The  term  "rapid  withdrawal"  is  used 
to  indicate  a  method  intermediate  between  the  gradual  and  the  imme- 
diate withdrawal  methods.  Ordinarily  the  withdrawal  is  completed 
within  two  or  three  days.  Any  number  of  modifications  of  the  methods 
here  outlined  have  been  used,  and  in  a  way  come  under  this  heading. 
It  would  be  hard  to  outline  the  number  of  modifications  and  combina- 
tions of  the  previously  mentioned  methods  possible. 

In  recent  years  a  form  of  treatment  which  comes  under  this  heading 
has  become  very  popular  and  much  good  is  claimed  for  it.  This  is  the 
so-called  "Towns  treatment."  This  form  of  treatment  was  devised 
and  elaborated  by  Charles  B.  Towns  and  Dr.  Alexander  Lambert, 
and  consists,  in  the  main,  of  active  catliarsis  and  the  use  of  a  special 
mixture.  This  consists  of  two  parts  of  the  15  per  cent,  tincture  of 
belladonna.  One  part  each  of  the  fluidextracts  of  hyoscyamus  aiid 
xanthoxylum.  When  the  ten  to  twelve  per  cent,  beihidonna  tincture 
is  used  the  results  are  never  as  good.  The  mixture  should  be  pushed 
to  the  point  of  tolerance  in  hourly  doses.    Some  people  need  only 
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2  to  4  drops  while  otlier  tolerate  18  to  20.    The  bottle  containing 
the  mixture  should  be  well  corked  and  shaken  before  using. 
Dr.  Lambert  tlescribes  the  method  as  follows: 

"A  patient  addicted  to  morphine  is  given  5  compound  cathartic 
pills  and  5  grains  of  blue  mass,  and  six  hours  later,  if  these  have  not 
acted,  thev  are  followed  bv  a  saline.  After  three  or  four  abundant 
movements  of  the  bowels  from  these  cathartics  the  patient  is  given,  in 
three  divided  doses,  at  half-hour  intervals,  two-thirds  of  the  total  daily 
twenty-four-hour  dose  of  morphine  or  opium  to  which  he  has  been 
accustomed.  Observe  carefully  after  the  second  dose  has  been  given, 
as  the  amount  then  equals  four-ninths  or  nearly  one-half  of  the  total 
twenty-four-hour  dose.  Some  few  patients  cannot  comfortably  take 
more  than  this  amount.  At  the  same  time  with  the  morphine,  six 
drops  of  the  belladonna  mixture  are  given  in  capsules.  This  belladonna 
mixture  in  doses  of  six  drops  from  an  ordinary  medicine  dropper  is 
given  every  hour  for  six  hours.  At  the  end  of  six  hours  the  dosage  is 
increased  two  drops.  The  belladonna  mixture  is  continued  every  hour 
of  the  day  and  every  hour  of  the  night,  continuously  throughout  the 
treatment,  increasing  two  drops  every  six  hours  until  16  drops  are 
taken,  when  it  is  continued  at  this  dosage.  It  is  diminished  or  dis- 
continued any  time,  if  the  patient  shows  belladonna  symptoms,  such 
as  dilated  pupil,  dry  throat,  or  redness  of  the  skin,  or  the  peculiar  and 
insistent  voice  and  the  insistence  of  one  or  two  ideas.  It  is  begun 
again  at  reduced  dosage  after  the  symptoms  have  subsided. 

"At  the  tenth  hour  after  the  initial  dose  of  morphine  is  given  the 
patient  is  again  given  .5  compound  cathartic  pills  and  5  grains  of  blue 
mass.  These  should  act  in  six  to  eight  hours  after  they  have  been  taken. 
If  they  do  not  act  at  this  time  some  vigorous  saline  is  given,  and  when 
they  have  acted  thoroughly  the  second  dose  of  morphine  is  given, 
which  is  usually  about  the  eighteenth  hour.  This  should  be  one-half 
of  the  original  dose — that  is,  one-third  of  the  original  twenty-four- 
hour  daily  dose.  The  belladonna  mixture  is  still  continued,  and 
ten  hours  after  the  second  dose  of  morphine  has  been  given,  that  is 
about  the  twenty-eighth  hour,  5  compound  cathartic  pills  are  again 
given  and  5  grains  of  blue  mass.  This  again,  if  necessary,  is  followed 
by  a  saline  seven  or  eight  hours  later.  At  times  when  the  'C.C  pills 
are  not  acting  w^ell  or  too  slowly,  5  or  6  'B.B.'  pills  are  given  two  or 
three  hours  after  the  'C.C  pills.  These  'B.B.'  pills  are  the  pilulse 
catharticse  vegetabiles  of  the  Pharmacopoeia,  with  grain  of  oleoresin 
of  capsicum,  §  grain  of  ginger,  and  of  croton  oil  added  to  each  pill. 
After  these  have  thoroughly  acted  at  about  the  thirty-sixth  hour  a 
third  dose  of  morphine  is  given,  which  is  ^  of  the  original  dose.  This 
is  usually  the  last  dose  of  morphine  that  is  necessary.  Again,  ten  hours 
after  this  third  dose  of  morphine,  that  is  the  forty-sixth  hour,  5  'C.C 
pills  and  5  grains  of  blue  mass  are  again  given,  followed  seven  or  eight 
hours  afterward  by  a  saline.  One  expects  at  this  time  to  see  a  bilious 
green  stool  appear.  When  this  appears  after  the  bowels  have  moved 
thoroughly,  ten  or  twelve  hours  after  the  third  dose  of  morphine,  about 
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the  fifty-sixth  hour,  2  ounces  of  castor  oil  are  given  to  clear  out 
the  intestinal  tract  thoroughly.  During  this  last  period,  when  the 
bowels  are  moving  from  the  'C.C  pills  and  before  the  oil  is  given, 
the  patients  have  their  most  uncomfortable  time.  Their  nervousness 
and  discomfort  can  be  controlled  usually  by  codeine,  which  can  be 
given  hypodermically  in  3-grain  doses  and  repeated  if  necessary,  or 
some  form  of  the  valerianates  may  help  them. 

"About  the  thirtieth  hour  these  patients  should  be  stimulated  with 
strychnine  or  digitalis,  or  both.  After  they  are  off  their  drug  I  have 
found  the  tonics  which  do  them  the  most  good  are  those  which  contain 
some  form  of  phosphorus  and  arsenic.  I  must  reiterate  as  before  the 
danger  of  these  patients  overeating,  thus  bringing  back  their  with- 
drawal symptoms  due  to  disturbance  of  digestion.  They  have  been 
in  the  habit  of  referring  all  uncomfortable  feelings  to  those  of  the  with- 
drawal symptoms  of  morphine,  and  digestive  disturbances  feign  these 
withdrawal  symptoms.  Sometimes,  about  the  thirty-sixth  hour,  the 
stools  become  clay-colored.  Some  form  of  prepared  ox-gall  is  most 
efficient  to  stimulate  further  biliary  secretion,  given  in  small  doses, 
every  hour  for  five  or  six  doses." 

Cocaine. — The  treatment  of  the  cocaine  habit  is  a  much  simpler 
thing  than  that  of  the  morphine  habit.  The  distressing  symptoms  which 
follow  the  withdrawal  of  morphine  seldom,  if  ever,  are  seen  in  the  cocaine 
fiend.  The  method  of  gradual  withdrawal  may  be  used  or  even  that 
of  rapid  withdrawal.  It  is  seldom  that  stimulation  is  necessary  or  even 
sedatives,  while  the  drug  is  being  withdrawn.  The  Lambert  treatment 
may  be  also  applied  to  cocainism.  Here  the  procedure  is  somewhat 
difficult. 

The  belladonna  mixture  and  5  compound  pills  and  5  grains  of  blue 
mass  are  given  simultaneously  at  the  first  dose.  The  belladonna  mix- 
ture is  continued  every  hour  of  the  day  and  night  the  same  as  with 
morphine  patients.  Twelve  hours  after  the  initial  dose  the  patients 
are  again  given  3  to  5  compound  cathartic  pills,  and  at  the  twenty- 
fourth  hour  after  the  initial  dose  they  are  again  given  the  cathartic, 
followed  by  salines  if  necessary,  and  again  at  the  thirty-sixth  hour. 
After  these  last  cathartics  the  bilious  stool  will  appear,  and  by  the 
forty-fourth  or  forty-fifth  hour  the  castor  oil  is  given.  It  is  never 
necessary  to  give  cocaine  at  any  time,  but  strychnine  or  some  such 
stimulant  must  be  given  from  the  beginning  of  the  treatment. 

Choice  of  the  Method. — This  survey,  although  very  sketchy, 
probably  will  result  in  confusing  the  physician  and  leaving  him  in  doubt 
as  to  what  method  he  should  pursue.  All  are  valuable  in  a  way,  and 
all  have  bad  points.  What  succeeds  in  one  patient  or  with  one  physician 
may  lead  to  total  failure  in  another.  One  may  say  that  on  general 
principles  the  method  of  slow  withdrawal  is  easier  on  the  patient, 
but  probably  not  so  likely  to  produce  permanent  results  as  the  others. 
The  immediate  method  of  withdrawal  is  certainly  a  heartrending 
procedure.  The  unfortunate  morphinist  lives  through  a  perfect  hell 
upon  earth  until  his  reaction  symptoms  are  passed.    INIany  authors 


THE  HABIT  FORMING  DRUGS 


695 


describe  this  treatment  as  brutal,  and  probably  it  is,  but  it  surely  makes 
a  strong  impression  upon  tiie  patient!  The  Lambert  treatment  is 
probably  the  one  most  used  in  the  present  day,  and  although  very 
active  it  nevertheless  does  not  have  the  severe  effects  of  the  ordinary 
immediate  withdrawal  methods.  When  morphine  is  to  be  withdrawn 
immediately  the  use  of  cardiac  stimulants  rather  than  the  hypnotics 
probably  assists  more  toward  the  patient's  ultimate  comfort. 

The  permanency  of  these  cures  for  drug  habits  have  ever  been  a 
source  of  strife.  There  is  no  doubt  that  the  craving  for  morphine  and 
cocaine  can  be  removed  from  a  patient,  but  there  is  also  no  means  of 
keeping  the  patient  from  later  going  back  to  his  habit.  It  is  an  easy 
way  of  stimulating  himself  to  bear  over  an  emergency,  and  with  a  weak 
will  and  a  personality  which  is  not  used  to  looking  far  into  the  future 
one  may  easily  see  how  the  patient  may  drop  back  into  his  old  ways. 
I  believe  this  is  more  apt  to  occur  when  the  treatment  has  been  done 
by  means  of  the  slow  withdrawal  method.  Here  the  suffering  is  not 
great  and  the  patient  does  not  look  back  upon  his  cure  with  any  amount 
of  fear.  When  the  more  rapid  measures  have  been  used  the  whole 
thing  represents  a  very  unpleasant  experience  in  the  patient's  life, 
and  one  which  he  is  not  anxious  to  have  occur  again. 

There  are  cases  which  are  helped  in  refraining  from  returning  to 
morphine  by  a  fear  that  the  treatment  has  engendered  in  them.  There 
are  probably  also  others  who  never  again  undergo  a  treatment  w^hen 
they  have  backslid  on  account  of  this  same  fear,  and  a  second  taking 
up  of  the  habit  is  always  the  last.   They  never  again  wish  to  be  cured. 
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SURGERY  OF  THE  BRAIN  AND  SPINAL  CORD 
By  albert  E.  HALSTEAD,  M.D. 

AND 

ROGER  T.  VAUGHAN,  M.D. 

History. — The  surgical  treatment  of  lesions  of  the  skull  and  cranial 
contents  dates  back  to  the  earliest  age  of  man.  Although  we  commonlv 
think  of  cranial  surgery  as  the  particular  acquisition  of  the  last  two 
or  three  decades  its  beginnings  reach  as  far  back  into  antiquity  as  we 
have  any  human  records.  Manouvrier  has  studied  a  number  of  neo- 
lithic skulls  showing  trepanation  openings.  These  were  unearthed 
in  the  department  of  Siene-et-Oise  in  France.  Most  of  the  skulls  thus 
trephined  show  only  a  single  opening,  but  some  show  two  or  even  three. 
The  bone  is  cut  through  obliquely,  the  opening  in  the  inner  table  being 
much  smaller  than  that  in  the  outer.  In  some  cases  multiple  puncture 
openings  were  made  and  these  then  connected.  What  the  technique 
was,  in  general,  is  not  difficult  to  surmise  from  the  appearance  of  the 
openings  and  from  our  knowledge  that  no  metal  tools  existed  at  that 
time.  Flint,  stone,  wood  and  bone  were  the  only  working  materials 
of  our  stone  age  ancestors.  Even  in  those  primitive  days  the  various 
cranial  operators  lacked  uniform  technique.  In  the  "temporal  decom- 
pression" shown  in  (Fig.  68)  the  bone  was  filed  away  by  a  rough,  file- 
like piece  of  flint  until  the  dura  (or  perhaps  the  cerebrum  also)  lay  bare. 
Other  operators  preferred  to  saw  around  in  a  circle  until  they  reached 
the  dura  and  then  pry  up  the  bone  flap  with  a  sharp  flint  elevator. 
Others  made  multiple  punctures  with  a  sharp  flint  gouge  and  hammer 
and  ended  by  breaking  the  bone  between  these  punctures.  Further, 
details  of  the  operations  the  study  of  the  skulls  does  not  reveal ;  but  that 
some  of  the  subjects  survived  the  operation  is  evident  from  the  fact  that 
callus  and  new  bone  was  formed  at  the  operation  sites.  In  some  of  the 
cases  the  operation  must  have  been  performed  in  tender  years  since 
the  disturbance  in  growth  consequent  to  the  operation  led,  in  some  skulls 
to  marked  deformity. 

That  a  certain  calloused  equipoise  and  a  muscular  assistant  were  the 
requisites  for  the  surgeon  of  that  day,  and  some  fortitude  on  the  part 
of  the  patient,  may  be  surmised.  It  is  possible,  however,  that  some 
of  the  operations  were  performed  while  the  patient  was  unconscious. 

What  the  indications  for  the  procedure  were  is  easier  to  surmise 
than  to  prove.    Rene  Lefort  states  that  certain  of  the  neolithic  cases 
of  trepanation  still  show  the  traces  of  organic  lesions— hydrocephalus, 
bone  necrosis  and  traumatic  lesions. 
(696) 
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Paul  Broca  suggested  that  the  great  frequency  of  trepanation  in  the 
neolithic  age  was  due  perhaps  to  a  conception  that  certain  intracranial 
affections,  idiocy,  insanity,  epilepsy,  and  convulsions  were  divine  attri- 
butes and  the  letting  out  of  the  imprisoned  spirit  or  devil  a  sacred 
operation  which  made  its  subjects  an  object  of  veneration;  hence  his 
occasional  long  survival  in  that  rough  age.  The  fact  that  trepanation, 
cauterization,  and  other  mutilating  cranial  operations  have  been  done 
in  historic  times  among  primitive  peoples  for  similar  indications  lends 
weight  to  Broca's  view. 

The  sincipital  "T"  is  another  peculiar  cranial  procedure  dating  back 
to  neolithic  times.    (See  Fig.  70.) 

It  consisted  of  burning  a  rough  "T"  into  the  vertex  of  the  cranium, 
probably  directly  through  the  scalp,  by  using  a  hot  coal  or  heated  flint. 
Manouvrier  interprets  this  procedure  as  a  surgical  operation  and  sug- 
gests that  since  it  is  found  chiefly  in  female  skulls  it  may  have  been 
done  for  hysteria,  and  under  these  circumstances  it  may  have  been 
sometimes  effective. 

Cranial  surgery  fell  into  disrepute  on  the  continent  of  Europe  in  the 
times  immediately  after  the  neolithic,  but  other  primitive  peoples 
have  practised  it  again  in  more  recent  times,  as  has  been  frequently 
recorded.  Herodotus  states  that  the  Lybian  nomads  cauterized  the 
scalp  for  many  ailments,  and  even  as  a  prophylactic  measure  against 
disease  in  general.  It  has  been  recorded  by  Prescott  that  the  ancient 
Incas  of  Peru  practised  trepanation  and  closed  cranial  defects  by  in- 
serting silver  plates.  In  the  Muniz  collection  of  Peruvian  skulls  there 
are  several  with  trepanation  openings,  one  of  which  was  closed  by  a 
silver  plate.  McGee  has  written  up  these  skulls  in  the  Bulletin  of  the 
Johns  Hopkins  Hospital  for  1895. 

In  the  time  of  Avicenna  the  Arabs  in  Persia  practised  cauterization 
of  the  scalp  for  cure  and  prevention  of  infantile  convulsions.  A  crude 
cranial  surgery  was  practised  in  ancient  times  in  both  China  and  Japan. 

Hippocrates  did  trephining  and  described  two  trephines,  one  circular 
and  auger-shaped,  not  unlike  our  present-day  instrument.  He  advised 
against  opening  the  skull  in  the  vicinity  of  the  sutures  (in  order  to  avoid 
the  sinuses)  and  also  gave  directions  for  avoiding  the  middle  meningeal 
artery  and  its  branches.  He  furthermore  recommended  punctures  of 
the  ventricles  in  hydrocephalus,  and  for  this  procedure  Heliodorus 
developed  special  indications.  Hippocrates  recommended  the  pro- 
longation and  deepening  of  scalp  wounds  for  exploring  the  condition  of 
the  skull.  Galen  appears  to  have  paid  no  attention  to  cranial  surgery 
and  makes  no  mention  of  the  trephine  or  its  uses.  It  appears  not  to 
have  been  much  practised  again  until  the  fifteenth  or  sixteenth 
century.  A.  Pare  and  Andrea  a  Cruce  (Venice)  described  a  complete 
trepanation  instrumentarium  and  used  an  auger-like  tool  which  was 
armed  with  a  collar  to  prevent  penetration  into  the  brain  substance. 
Mogatus,  also  in  the  sixteenth  century,  advocated  the  use  of  per- 
forated gold  or  lead  plates  for  the  closing  of  cranial  defects.  Ambroiso 
Pare  was  strongly  opposed  to  this  procedure  on  the  ground  that  the 
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human  organism  would  not  permit  the  continued  presence  of  a  foreign 
body  in  it,  a  conception  upheld  also  by  Galen. 

Job  a  Meckren  performed  a  plastic  on  a  skull  defect  by  implanting 
a  piece  of  fresh  bone  from  a  dog.  The  implant  healed  in  place.  The 
patient,  overjoyed,  spread  the  news  of  his  cure  so  extensively  that  it 
came  to  the  attention  of  the  church  authorities,  and  they  took  so  radical 
a  stand  against  this  unholy  performance  that  the  unfortunate  patient 
was  compelled  to  have  the  offending  canine  implant  removed  in  order 
to  remain  within  the  pale  of  the  church.  The  second  operation  is 
recorded  to  have  been  by  no  means  an  easy  procedure,  so  solidly  was 
the  bone  united. 

Fig.  68 


(From  Auvray,  Malad.  du  Crane.) 
Prehiatoric  skull  with  trepanation  openings,  found  in  France  at  Menouville,  Seine-et-Qise.  The  forma- 
tion of  new  bone  about  the  openings  shows  that  the  subject  sui  vived  the  operation.  (Manouvrier.) 

Trepanation  for  fracture  was  much  practised  in  the  Sixteenth  and 
Seventeenth  Centuries  and  many  cases  of  multiple"  trepanations  are 
recorded  in  this  connection.  Count  Philip  of  Nassau  (1664)  submitted 
to  27  successive  trepanations  at  the  last  of  which  the  point  of  fracture 
was  discovered!    La  Ponche  (1675)  trephined  one  patient  52  times. 

In  the  following  century  trephining  attained  a  great  vogue  in  Eng- 
land, owing  to  the  teaching  of  Pott.  In  Cornwall,  especially  among 
the  miners,  it  was  one  of  the  most  common  of  operations  on  account 
of  the  frequent  cranial  traumatisms. 

De  Marchettis  and  Marc  Aurele  Severin  (about  1650)  recommended 
trephining  in  the  treatment  of  traumatic  epilepsy,  hydrocephalus, 
melanchoHa  and  migraine.  De  la  Motte  (1730)  recommended  the  open- 
ing up  of  apoplectic  foci.  Corvinus  (1747)  and  Thiebault  (1792)  the 
incision  and  excision  of  encephalocele.  Quesnay  (1743)  advocated 
exploratory  incision  of  the  brain.  Desault,  early  in  the  nmeteenth 
century,  appears  to  have  been  the  first  to  remove  a  malignant  tumor 
from  the  brain. 
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In  the  early  part  of  the  Nineteenth  Century  trepanation  declined 
in  favor  owing  to  the  frequent ,  accidents,  septic  and  others,  which 
accompanied  it;  Dupuytren,  Malgaigne,  and  Nelaton  were  all  opposed 


Fig.  69 


Trephined  skull  from  Peru  (from  Muniz  collection).    (From  Gushing  in  Keen's  Surgery.) 


FiQ.  70 


(From  Auvray.) 
Sincipital  "T"  on  a  neolithic  skull.  (Manouvrier.>) 


'  See  Bulletins  de  la  .Societe  d'anthropologie  for  Manouvrier's  article  quoted  by 
Auvray,  p.  5. 
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to  openiiif;-  the  skull.  Leon  Lefort  states  that  in  the  years  1857  to  1807 
there  were  only  four  trepanations  done  in  all  France.  The  same  was 
likewise  the  case  in  Enj^land  and  Germany.  It  was  only  after  the 
beginning  of  the  antiseptic  period  that  cranial  procedures  came  to  be 
seriously  considered  again.  In  the  last  thirty  years  the  advances  in 
this  field  have  been  far  greater  than  in  the  thirty  centuries  preceding. 
References  to  the  great  services  rendered  in  this  field  by  Bergmann, 
Macewen,  Horsley,  Starr,  Keen,  Kocher,  Chipault,  Doyen,  Gushing, 
Frazier,  Krause,  Ballance,  Hartley  and  others,  will  be  frequently  made 
in  this  chapter. 


CRANIECTOMY  FOR  EXPLORATION  AND  DECOMPRESSION 

Indications, — Since  almost  every  operative  procedure  on  the  cranial 
vault  has  exploration  more  or  less  directly  as  its  aim  and  since,  where 
exploration  fails  to  detect  the  disease,  decompression  relieves  the 
sj^mptoms,  we  find  this  particular  operation  the  most  frequently  per- 
formed and  important  in  our  work.  With  it  may  be  combined  brain 
puncture;  removal  of  tumor;  drainage  of  abscess;  removal  of  blood- 
clots;  the  control  of  hemorrhage  and  drainage  of  the  ventricles.  There- 
fore, together  with  its  modifications,  it  includes  nearly  the  entire  field 
of  cerebral  surgery. 

The  conditions  for  which  it  is  commonly  done  are  the  following: 
(1)  tumor  cerebri,  localizable  and  non-1  ocalizable,  and  particularly 
when  associated  with  choked  disk  and  pressure  symptoms;  (2)  brain 
abscess;  (3)  intracranial  hemorrhages;  (4)  craniostenosis  (particularly 
tower  skull) ;  (5)  and  rarely  liydrocephalus,  unless  associated  with  tumor 
(usually  brain  puncture  is  done  here  in  preference  to  craniectomy) ; 

(6)  brain  syphilis,  which  does  not  yield  readily  to  specific  treatment; 

(7)  encephalitis  in  some  cases  when  associated  with  increased  tension 
and  causing  optic  neuritis  or  choked  disk;  (8)  edema  of  the  brain  in 
uremia  has  been  considered  an  indication  by  Gushing,  but  is  a  doubtful 
one;  and  (9)  in  general  any  condition  associated  with  increased  intra- 
cranial pressure  and  swelling  of  the  optic  disk  demands  for  the  relief 
of  pressure  symptoms  and  optic  nerve  changes  an  exploratory^  operation 
which  may  be  later  turned  into  a  remedial  operation,  the  character  of 
which  will  depend  on  whatever  pathological  condition  may  be  found, 
or  into  a  decompressive  or  palliative  operation,  if  anj'^thing  accessible 
be  found. 

Preparation.— In  our  clinic,  on  the  day  before  the  operation,  the 
patient's  head  (whole  head,  if  a  man;  something  less  than  half  the  head 
if  a  woman)  is  shaved,  scrubbed  with  tincture  of  green  soap  on  gauze, 
rinsed  with  sterile  water,  then  with  alcohol,  and  then  with  1-1000 
bichloride.  A  dry  dressing  is  then  applied.  The  scrubbing  is  again 
repeated  on  the  operating  talkie  just  before  the  operation. 

A  double  layer  of  gauze  (either  dry  or  wet  and  wrung  out  of  a  solu- 
tion of  1  to  1000  bicliloride)  is  then  applied  to  the  entire  cranium  and 
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over  this  the  rubber  constrictor.  We  use  an  India  rubber  band,  one  inch 
wide  and  eight  inches  in  circumference,  which  can  be  obtained  of  any 
house  handling  rubber  goods.  We  make  two  or  three  turns  with  it 
around  the  head,  which  we  find  is  constriction  enough.  There  is  no 
buckle  to  fasten;  it  never  shps;  so  that  tapes,  as  used  by  Gushing,  are 
unnecessary,  and  the  cost  is  a  few  cents  only.  The  patient  is  then  ready 
for  the  initial  incision. 

Fia.  71 


Author's  method  of  controlling  hemorrhage  from  the  vessels  of  the  scalp  by  means  of  a  large 

rubber  band. 

Anesthesia.— Before  the  patient  is  brought  to  the  operating  room 
he  is  given  a  hypodermic  of  morphine  gr.  |,  atropine  gr.  j^-q,  or  if 
the  patient  be  small,  or  a  woman,  ^  and  y^-o"  S^-  respectivel3^ 

Ether  by  the  drop  method  is,  as  a  rule,  the  anesthetic  of  the  entire 
operation.  But  in  some  cases,  especially  when  for  one  reason  or  another 
speed  is  necessary,  the  anesthetic  is  started  with  nitrous  oxide  and  oxygen. 

Position  of  the  Patient. — For  temporal  and  motor  area  operations 
and  in  general  for  all  operations  on  the  anterior  half  of  the  cranium, 
the  patient  lies  on  his  back,  with  head  and  shoulders  raised,  and  anes- 
thesia is  administered  as  for  other  operations  about  the  head  and  neck. 
The  operator  and  his  assistants  are,  however,  separated  from  the 
anesthetist  by  a  sheet,  which  is  held  up  between  the  field  of  the  opera- 
tion and  the  field  of  the  anesthetist  by  an  outrigger  attached  to  the 
table. 
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For  suboccipital  operations,  and  frequently  for  other  operations  on 
the  posterior  half  of  tlie  cranium,  the  anesthetic  is  given  and  the  opera- 
tion performed  with  the  patient  lying  on  his  face,  the  forehead  supported 
on  a  head-rest  in  the  form  of  a  bracket  attached  to  the  head  end  of  the 
table,  with  sandbags  under  each  shoulder.  These  elevate  the  chest 
from  the  table,  permitting  relatively  unrestrained  breathing. 


Fig.  72 


Curtis-Halatead  table  (St.  Luke's  Hospital,  Chicago).    Sandbags  under  the  shoulders;  outrigger  for 
the  forehead.    Gauze  over  the  head  secured  by  a  Halstead  rubber  band. 

The  anesthetist  sits  on  a  low  stool  and  is  covered  by  the  laparotomy 
sheet  drawn  over  the  patient's  head.  The  anesthetist,  for  his  own  com- 
fort, wears  a  rubber  cap  and  rubber  apron,  closely  tied  about  liis  neck, 
to  protect  his  clothing. 

We  do  not  believe  in  further  incommoding  our  anesthetist  with  a 
phonendoscope,  as  recommended  by  H.  Gushing,  unless  it  be  impos- 
sible to  secure  another  assistant,  especially  for  the  purpose  of  watching 
pulse  and  respiration.  The  extra  assistant  is  easily  obtained  in  any 
large  hospital,  and  the  anesthetist  has  his  hands  fully  occupied  and  is 
in  discomfort  enough  without  being  put  to  this  extra  inconvenience. 

Occasionally  the  Matas  apparatus  is  used.  Air  saturated  with  chloro- 
form vapor  is  led  into  the  patient's  retronasal  space  by  means  of  a 
rubber  catheter  introduced  through  the  nose.  When  this  apparatus 
is  used  the  patient  is  put  to  sleep  by  the  usual  mask  method,  and  just 
before  the  operator  is  ready  to  begin  the  nasal  catheter  is  inserted 
and  anesthesia  continued  with  the  apparatus.  The  anesthetist  is  thus 
completely  removed  from  the  field  of  operation.  As  only  a  relatively 
small  amount  of  anesthetic  can  be  administered  by  this  method  it  is 
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usually  desircable  to  use  chloroform  instead  of  ether,  especially  with 
large  and  fat  patients  and  in  alcoholics. 

The  Incision. — The  incision  is  usually  marked  out  on  the  scalp  with 
iodine  just  before  the  double  layer  of  gauze  and  the  tourniquet  are 
applied,  so  that  the  still  wet  iodine  stains  through  the  gauze.  In 
locating  the  incision  measurements  are  usually  dispensed  with.  The  eye 
of  the  surgeon  who  is  constantly  employed  in  cranial  work  becomes  as 
accurate  as  any  of  the  craniometers  on  the  market,  and  it  is  moreover 
always  easy  to  enlarge  the  opening  in  any  direction  subsequently 
desired. 

The  incision  is  semicircular,  to  form  a  flap  with  the  base  in  the  direc- 
tion of  the  blood  supply.  The  first  cut  is  made  down  to  the  lamina 
externa. 

At  this  point  there  is  always  some  little  hemorrhage  from  the  vessels 
of  the  galea.  This  is  usually  easily  controlled  by  (1)  promptly  turning 
the  flap  back  and  exerting  pressure  on  it,  providing  that  an  osteoplastic 
operation  is  not  to  be  done;  (2)  by  catching  and  twisting  with  sharp 
Kocher  forceps,  or  ligating  the  "spurters"  with  fine  catgut,  No.  1; 
(3)  by  pressure  by  an  assistant  with  gauze  along  the  margins  of  the 
incision.  If  the  rubber  tourniquet  is  used,  the  hemorrhage  is 
insignificant. 

The  other  measures  sometimes  recommended  for  stopping  this 
hemorrhage  we  have  never  found  necessary  to  use,  and  believe  that 
in  this  we  are  sustained  by  the  best  American  practice. 

The  running  stitch  of  Jacob  Frank,  of  Chicago,  later  modified  by 
Heidenhain  and  known  abroad  by  the  latter's  name,  would  be  useful, 
but  is  scarcely  necessary  even  though  the  tourniquet  be  not  used,  as, 
for  example,  in  suboccipital  and  subtemporal  decompressions.  To  keep 
these  stitches  in  place  for  eight  to  ten  days,  as  Heidenhain  recommends, 
seems  to  us  not  only  unnecessary,  but  even  dangerous  to  the  health 
of  the  flaps,  and  certainly  predisposes  to  slow  healing  of  the  wound  and, 
therefore,  to  frequent  loss  of  cerebrospinal  fluid. 

Kredel's  plates  we  have  even  less  use  for  than  Frank's  ingenious 
stitch. 

Attacking  the  Bone. — If  an  osteoplastic  resection  is  to  be  made,  we 
proceed  at  once  to  bore  through  the  skull.  If  merely  a  decompression  is 
desired  we  first  strip  back  the  periosteum  with  the  skin  flap. 

Bone  Instruments. — We  believe  we  have  tried  them  all  and  have  come 
back  to  the  trephine  or  De  Vilbiss  burr,  supplemented  by  the  De  Vilbiss 
forceps. 

All  electric-driven  machinery  we  have  discarded  —  burrs,  drills, 
rotary  saws,  etc.  They  are  all  wrong  in  principle  because  they  open 
the  skull  from  without  inward  and  therefore  expose  the  brain  to  injury 
from  excessive  penetration  and  bone  splinters.  They  are  all  liable  to 
slip  at  times,  even  in  the  hands  of  the  most  experienced  men,  as  our 
dental  colleagues  can  testify,  and  cut  undesired  gashes  in  the  bone 
and  scalp.  Moreover,  their  greater  speed  is  largely  oft'set  by  tlieir 
liability  to  get  out  of  order,  thus  causing  long  delays,  and  leading  to 
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faulty  asepsis.  Again,  it  is  impossible  to  sterilize  them  in  ioto;  and 
therefore  slipping  towels  in  the  course  of  long  operations  are  apt  to 
,  leave  non-sterile  parts  exposed  to  the  surgeon's  touch. 

The  mallet  and  chisel  we  have  wisely  discarrled  because  (1)  of  the  time 
consumed  in  entering  the  skull,  and  (2)  for  the  reason  that  we  believe 
the  repetition  of  blows  upon  the  skull  may  possibly,  as  claimed  by  many, 
produce  cerebral  concussion. 

We  have  been  very  well  pleased  with  the  De  Vilbiss  tool.  Its  chief 
value  is  not  only  in  the  rapidity  with  which  it  can  be  operated,  but 
in  its  mechanical  construction,  which  is  so  adjusted  that  when  the 
teeth  of  the  trephine  strike  non-resisting  dura  they  cease  to  cut,  thus 
making  injury  to  the  dura  and  underlying  brain  impossible,  even  when 
considerable  manual  force  is  applied. 

The  trephine  opening  is  made  large  enough  to  admit  a  De  Vilbiss 
cutting  forceps,  and  with  the  latter  the  bone  incision  is  enlarged  in  the 
direction  of  and  parallel  to  the  skin  incision,  or  as  desired,  but  keeping 
well  inside  the  latter,  in  order  to  avoid  overlapping  of  the  bone  and 
galea  incisions. 

If  an  osteoplastic  flap  is  to  be  made,  the  bone  incisions  are  continued 
around  to  the  narrow  base  of  the  flap,  which  is  then  broken  across  by 
prying  up  the  flap  with  a  bone  elevator  and  perhaps  also  making  cuts 
at  the  sides  with  a  special  chisel,  such  as  Krause's. 

When  an  especially  accurate  reposition  of  the  flap  with  avoidance 
of  pressure  on  the  dura  is  desired,  a  Gigli  saw  may  be  passed  from  one 
trephine  opening  to  the  other  and  the  intervening  bone  sawed  through 
on  a  bevel. 

A  Braatz  sound  or  similar  dural  separator  and  protector  must  be 
passed  between  dura  and  lamina  interna,  and  along  this,  as  a  guide,  the 
Gigli  saw  is  passed  and  manipulated. 

We  seldom  use  the  Gigli  saw  method,  because  of  the  ever-present 
danger  of  damage  to  bloodvessels  and  brain  in  passing  the  sound  and 
saw  and  in  making  the  first  few  strokes.  The  method  also  has  the 
disadvantage  of  being  somewhat  slow. 

When  it  is  desirable  to  enlarge  the  bony  opening,  a  new  flap  may 
be  made  with  the  De  Vilbiss  forceps,  or  bone  may  simply  be  bitten 
away  in  the  desired  direction  with  the  Macewen  rongeur  forceps. 

Control  of  Hemorrhage. — Hemorrhage  from  the  bone  has  now  to  be 
controlled,  and  this  is  done  by  (1)  pressure  made  by  gauze  packed  tightly 
against  the  bone;  (2)  packing  the  oozing  bone  with  Horsley's  wax 
or  with  muscle  tissue  from  the  cut  galea;  (3)  acupuncture  with  any 
pointed  instrument  and  mallet.  A  simple  orange  stick  is  cheap,  easily 
sterilized  and  applied,  and  is  usually  at  hand;  (4)  crushing  of  the  bleeding 
bone  with  the  rongeur  forceps  is  usually  successful  if  other  methods 
fail;  (5)  for  small  bleeders  we  have  found  the  Japanese  toothpick 
very  useful. 

The  best  way  to  avoid  hemorrhage  from  large  vessels  in  the  diploe 
or  on  the  inner  surface  of  the  inner  table  is  to  take  a  careful  x-ray 
picture  in  every  case.  Then  large  vessels  in  the  bone  can  almost  always 
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be  seen  ami  therefore  avoitled  later  at  the  operation.  This  is  such  an 
important  point  that  it  will  be  dwelt  upon  subsequently. 

Hemorrhage  from  the  dura  and  cerebrum  occurs  only  when  these 
are  wounded,  a  rare  occurrence  with  our  technique.  Occasionally 
a  vein  runs  from  the  dura  into  the  lamina  interna  of  the  cranial  vault, 
and  this  may  be  cut  through  in  the  incision,  but  the  resulting  hemor- 
rhage is  readily  controlled  by  hgating  the  vein  on  the  dural  side. 

The  dura  now  lies  exposed  before  our  eyes.  By  palpation  with  the 
finger-tips  we  estimate  its  tension  and  by  observation  whether  or  not 
pulsation  is  present. 

When  tension  is  much  increased,  active  pulsation  is  usually  absent 
(this  depends  upon  the  relation  of  the  intracranial  tension  to  the  blood 
pressure) . 

We  must  also  feel  for  any  increase  in  local  resistance,  such  as  would 
indicate  a  tumor  or  an  infiltrate;  and  for  signs  of  fluctuation,  due  to 
intracranial  fluid  or  cyst  formation. 

Incision  in  Dura. — The  incision  in  the  dura  is  next  made.  This 
may  be  either  cross-shaped  or  a  flap,  the  pedicle  of  w^hich  is  placed  either 
in  the  direction  toward  which  further  exploration  is  to  be  done,  or  in 
the  opposite  direction  from  that  of  the  skin  flap.  Overlapping  of  the 
two  flaps  on  closure  of  the  wound  is  to  be  desired,  thus  preventing  a 
brain  prolapse  and  subsequent  fungus  cerebri. 

W'hen  the  pia-arachnoid  lies  exposed,  a  careful  examination  is  again 
made.  Pulsation  is  looked  for;  dilated  bloodvessels  are  duly  noted, 
as  an  indication  of  an  adjacent  tumor;  likewise  dift'erences  in  color, 
prominence  and  smoothness  of  the  surface.  Any  local  tendency  to 
obliteration  of  the  sulci  or  flattening  of  the  convolutions  is  regarded 
as  an  important  localizing  point.  Palpation  with  the  finger  tips  of 
both  hands  is  done  to  determine  possible  spots  of  increased  resistance 
or  fluctuation. 

Exploratory  puncture  is  then  made  into  suspected  areas  and  the  tissue 
brought  away  by  the  needle  is  examined  macro-  and  at  times  micro- 
scopically, to  determine  the  presence  of  fluid,  pus,  or  tumor  tissue. 
The  search  for  brain-tissue  cylinders  by  needle  puncture,  as  recom- 
mended by  Krause,  we  have  found  of  not  much  value,  and  believe  it 
to  be  dangerous. 

Fenger,  of  Chicago,  some  years  ago,  gave  this  method  a  considerable 
trial  and  invented  a  special  needle  for  it,  provided  on  one  side  with  a 
slot  with  sharp  edges.  The  needle  was  inserted  into  the  brain,  then 
turned  around,  thus  cutting  out  a  cylinder  of  tissue.  Fenger  finally 
abandoned  the  procedure,  owing  to  its  dangers  and  unreliability. 

Exploratory  Puncture  for  Pus. — We  never  make  this  puncture  through 
the  dura  but  only  after  the  membrane  has  been  opened  and  the  subdural 
space  walled  off  by.  packing  with  several  layers  of  iodoform  gauze. 
When  this  is  done  the  needle  is  inserted,  and  as  soon  as  the  pus  pocket 
is  located  an  artery  forceps  is  inserted  along  the  side  of  the  needle 
into  the  cavity.  The  blades  of  the  forceps  are  then  spread  as  they  are 
withdrawn,  and  thus  a  large  opening  is  made,  with  probably  less  damage 
VOL.  n — 4.5 
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to  nerve  fibers  and  l)l()od vessels  tliau  when  a  knife-blade  is  used. 
The  cavity  is  then  irrigated,  usually  with  normal  salt  solution,  and 
packed  with  iodoform  gauze.  During  all  these  manipulations  the  sub- 
dural space  is  kept  well  walled  off  with  the  iodoform  gauze,  the  outer 
layers  of  which  are  renewed  when  the  irrigation  is  complete.  Drainage 
to  the  exterior  is  then  made  by  a  knife-thrust  through  the  galea  flap 
directly  over  the  opening  to  the  abscess  cavity,  and  here  the  drain, 
either  cigarette,  spiral  or  split-rubber  tube,  is  led  out. 

Closure  of  the  Wound.  —  Closure  of  the  wound  is  done  in  layers 
with  buried  stitches  of  catgut  and  superficial  stitches  of  silkworm  gut. 
The  dura  is  brought  together  and  when  possible  the  edges  overlapped, 
unless  decompression  is  aimed  at,  when  it  is  left  unsutured.  Sutures  are 
of  No.  1  and  2  iodized  catgut. 

The  bone  flap  is  replaced,  attached  to  the  galea,  but  no  sutures 
inserted  in  it  as  a  rule.  The  periosteum,  unless  much  stripped  up, 
is  left  unsutured.  Tension  stitches  of  heavy  silkworm  gut  are  now 
inserted  into  the  galea  flaps  and  between  them  approximation  stitches 
of  horsehair  or  light  silkworm  gut. 

The  wound  is  first  washed  with  bichloride,  1  to  1000,  then  with 
alcohol,  and  finally  sealed  with  tincture  of  benzoin  and  silver  foil,  or 
less  frequentl}^  with  collodion  on  narrow  gauze  strips. 

Fluffed  gauze  is  applied  over  the  wound  and  then  a  "doughnut  roll" 
of  gauze  is  placed  around  the  wound  to  protect  the  bony  flap  and  brain 
below  it  from  external  pressure. 

Over  the  whole  bandage  a  large  combination  is  applied,  and  lastly 
a  roller  bandage  held  with  adhesive  strips. 

Stimulation  of  the  Patient. — Before  the  operation  the  patient's  left 
cubital  space  is  prepared  so  that  an  intravenous  infusion  of  normal 
salt  can  be  given  instantaneously,  if  necessary.  A  hypodermoclysis 
apparatus  for  simultaneous  administration  of  normal  salt  under  both 
breasts  is  in  readiness  during  the  operation 

A  hypodermic  of  thirty  minims  of  camphorated  oil,  or  jw  S^-  ^igi" 
talin,  is  given  usually  before  the  patient  leaves  the  table,  if  any  evidence 
of  shock  or  collapse  be  present,  and  he  is  put  to  bed  with  his  head  low. 
On  returning  to  consciousness  the  patient  is  allowed  to  suck  ice,  or 
is  given  teaspoonfuls  of  hot  water,  whichever  he  prefers. 

Normal  salt  enemata  of  a  pint  each  are  given  at  intervals  of  four 
hours  for  thirst  and  for  purposes  of  stimulation. 

Continuous  rectal  administration  of  normal  salt  solution  I  have  never 
found  as  satisfactory  as  its  administration  at  intervals,  owing  to  the 
inconvenience  the  tube  causes  the  patient  and  the  constant  soiling  of 
the  bedding. 

Postoperative  Treatment, — If  postanesthetic  vomiting  is  prolonged, 
the  stomach  is  washed  out  with  a  couple  of  quarts  of  warm  water, 
which  usually  gives  prompt  relief. 

When  vomiting  has  ceased,  the  patient  is  put  on  liquid  diet,  and, 
if  convalescence  is  normal,  a  couple  of  days  later  on  light  diet,  and  at 
the  end  of  the  first  week  a  general  diet  is  allowed. 
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If  there  is  considerable  seepage  of  cerebrospinal  fliyd  after  the  opera- 
tion, the  outer  dressings  are  changed  as  often  as  saturated,  and  the 
inner  dressings  daily.  Any  stitches  around  wliich  necrosis  is  threaten- 
ing are  removed  at  the  daily  dressings  and  necrotic  tissue  is  promptly 
clipped  away.  Tincture  of  benzoin  is  applied  to  the  cut  surface,  and 
is  usually  swabbed  over  the  whole  wound  at  every  dressing. 

When  dressings  must  be  frequently  changed,  tliey  are  retained  by 
a  large  figure-of-eight  bandage  instead  of  the  roller. 

When  there  is  no  discharge  of  the  cerebrospinal  fluid,  the  dressings 
are  not  removed  until  the  end  of  the  first  week,  at  which  time  the 
stitches  are  taken  out,  tincture  of  benzoin  swabbed  over  the  wound, 
and  the  dressing  reapplied  for  another  week,  at  the  end  of  which  time 
it  may  be  left  oft'  entirely.  As  long  as  cerebrospinal  fluid  continues  to 
discharge,  careful  aseptic  dressing  must  be  continued.  The  use  of  the 
silver  nitrate  stick  and  tincture  of  iodine  swabs  hasten  the  closing  of 
these  fistula?.  Not  infrequently  they  occur  through  a  stitch  puncture, 
especially  if  the  stitch  be  left  in  too  long.  For  this  reason  we  often 
remove  stitches  as  early  as  the  fourth  day  if  the  wound  is  well  united, 
but  usually  from  the  fifth  to  the  seventh  day. 

Occasionally  a  patient  will  suffer  pressure  symptoms  wdien  a  long 
open  fistula  finally  closes.  In  such  cases  it  must  be  reopened  and 
then  again  allowed  to  close  gradually. 

Patients  are  usually  allowed  to  sit  up  on  the  third  or  fourth  day  and 
leave  bed  at  the  end  of  the  first  week. 


INDICATIONS  FOR  OPERATION  AND  DETAILS  OF  OPERATIVE 

TECHNIQUE 

The  indications  for  operative  interference  have  been  roughly  out- 
lined previously  on  page  700.  We  shall  now  consider  them  more  in 
detail  and  at  the  same  time  shall  add  details  to  the  technique  employed 
for  the  different  indications. 

The  conditions  requiring  operation,  viewed  from  a  surgical  standpoint, 
fall  chiefly  into  two  classes:  (1)  Focal  lesions,  localizable  and  suscep- 
tible of  radical  removal;  and  (2)  lesions  causing  increased  intra- 
cranial pressure,  and  unlocalizable,  or  otherwise  insusceptible  of  radical 
removal.    We  shall  consider  the  latter  class  first. 


INCREASED  INTRACRANIAL  PRESSURE 

This  is  always  a  result  of  a  discrepancy  in  size  between  the  skull 
and  its  contents.  This  discrepancy  may  be  due  to  a  diminution  in  the 
size  of  the  brain  (most  often  as  a  consequence  of  premature  closure 
of  the  sutures  or  "tower-skull"),  or  to  diminution  of  its  capacity  by 
mternal  apposition  of  bone  (concentric  dift'use  hyperostosis),  or  the 
development  of  ostcomata. 
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More  frequently,  however,  it  is  tlie  result  of  an  increase  in  tiie  volume 
of  the  brain,  especially  from  hydrocephalus,  tumors  and  cysts,  granu- 
lomata,  abscesses,  hemorrhages,  edema,  or  encephalitis. 

If  the  skull  be  pliable  and  yielding,  the  sutures  still  open  and  capable 
of  continued  bony  apposition,  and  the  increase  of  intracranial  contents 
not  too  great  nor  of  too  sudden  origin,  a  corresponding  increase  in  the 
size  of  the  skull  may  take  place,  so  that  no  active  symptoms  of  increased 
intracranial  pressure  ever  occur.  Congenital  hydrocephalus  is  often 
a  striking  example  of  this  compensatory  mechanism. 

Symptoms.— Headache. — If,  however,  the  skull  fails  adequately  to 
yield,  the  symptoms  of  increased  pressure  arise.  Since  they'  are 
discussed  elsewhere  in  this  work,  they  will  be  mentioned  here  only 
in  passing.  Of  them  headache  is  the  most  frequent.  It  is  rarely,  if 
ever,  entirely  absent  during  the  entire  course  of  the  disease.  A  patient 
may,  however,  be  free  from  it  during  considerable  periods,  particularly 
if  the  pressure  increases  only  intermittently.  The  reference  of  the 
headache  to  particular  regions  has  not  much  value  as  a  localizing 
symptom  unless  combined  with  sensitiveness  to  pressure  or  percussion, 
or  change  in  note  on  percussion. 

Vomiting. — This  is  a  much  less  frequent  and  less  valuable  symptom 
than  headache.  It  is  present  in  only  about  half  of  the  cases,  and  in 
only  a  part  of  these  has  it  a  cerebral  character,  that  is,  being  unac- 
companied by  nausea  and  retching,  occurring  and  increasing  with 
the  headache,  occurring  on  an  empty  stomach,  and  having  a  projectile 
character. 

Vertigo. — Vertigo  is  an  uncertain  symptom  and  its  chief  value  is 
not  as  a  pressure  but  as  a  localizing  symptom  in  connection  with  nys- 
tagmus, in  which  connection  it  will  be  discussed  later,  when  speaking 
of  the  cerebellum. 

Psychic  Symptoms. — Psychic  Symptoms;  clouding  of  consciousness, 
stupor,  coma,  mental  deterioration  and  dementia  are  late  symptoms. 
Their  value  in  the  diagnosis  of  increased  pressure  is  still  further  dimin- 
ished by  the  frequency  of  their  occurrence  in  many  other  conditions. 

Generalized  Convulsions. — Generalized  convulsions  do  not  directly 
indicate  the  presence  of  increased  intracranial  pressure  because  they 
may  be  due  to  other  causes;  but  their  real  value  is  in  pointing  directly 
to  the  brain  as  the  site  of  the  causative  lesion;  and  when  the  attacks 
have  a  Jacksonian  character  they  point  indubitably  to  the  central 
region  as  the  site  of  the  lesion. 

Choked  Disk  as  a  Sign  of  Intracranial  Pressure. — The  presence  of 
choked  disk  or  ojytic  neuritis  has  much  more  value  in  the  diagnosis  of 
increased  intracranial  pressure  than  any  of  the  symptoms  yet  mentioned. 
In  a  previous  article,^  in  discussing  the  nature  of  optic  neuritis  and 
choked  disk,  we  followed  Oeller  in  considering  their_  etiology,  patho- 
genesis, and  clinical  significance  as  practically  identical.  We  stated 
that  the  difference  between  them  was  one  of  degree  only,  the  choked 

1  In  Wood's  Ophthalmic  Operations,  Chicago,  1910. 
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disk  being  the  more  advanced  stage,  and  always  first  passing  tlirough 
tlie  stage  of  optic  neuritis.  Some,  ophtlialmologists  have  put  this  Hmit 
at  o  D.,  and  others  at  4  D.,  so  that  it  is  evident  that  there  is  no  hard- 
and-fast  Hne  of  demarcation.  The  whole  subject  is  so  important,  from 
a  surgical  standpoint,  that  we  shall  discuss  it  here  somewhat  at  length. 

Pathogenesis  of  Choked  Disk. — In  spite  of  the  attempts  of  the  advocates 
of  the  two  difi'erent  theories,  the  mechanical  and  the  inflammatory,  to 
attribute  all  cases  of  optic  neuritis  and  choked  disk  to  one  common 
pathogenesis,  it  is  becoming  more  and  more  evident  that  different 
pathological  processes  may  produce  the  same  macroscopic  and  micro- 
scopic picture  in  the  optic  nerve  and  disk.  Since  our  conception  of  the 
pathogenesis  is  the  basis  for  treatment,  we  may  be  permitted  to  enter 
into  it  in  some  detail. 

When  V.  Graefe  first  gave  the  name  "  Stauungspapilla"  to  this  con- 
dition, he  considered  it  due  to  venous  congestion  in  the  optic  veins, 
because  in  some  cases,  even  with  hemorrhages  present,  he  found  no 
signs  of  inflammation  in  the  nerve. 

Virchow,  on  the  other  hand,  found  inflammation  of  the  nerve  trunk 
in  a  case  of  meningitis  with  disk  changes  of  only  moderate  degree, 
which  he  assumed  to  have  been  communicated  to  the  nerve  from 
the  meninges,  and  to  this  form  v.  Graefe  gave  the  name  "descending 
neuritis."  Therefore  even  in  v.  Graefe's  time  we  find,  just  as  today, 
a  two-fold  pathogenesis  of  optic  neuritis. 

The  "descending  neuritis"  was  supposed  to  be  characterized  oph- 
thalmoscopically  by  only  a  slight  degree  of  swelling  in  the  disk  and  a 
tendency  to  invade  the  retina;  while  the  cases  associated  w^ith  increased 
intracranial  pressure,  e.  g.,  tumor,  were  characterized  ophthalmo- 
scopically  by  a  high  degree  of  swelling  limited  to  the  disk,  the  retina 
remaining  more  or  less  unaffected. 

We  now  know  that  these  ophthalmoscopic  difTerences,  as  given  above, 
are  artificial,  and  that  cases  associated  with  high  intracranial  pressure 
may  present,  only  a  slight  disk  change,  or  none  at  all,  wdiile  meningitis, 
pyemia,  intoxications  and  other  conditions  associated  wdth  a  "descend- 
ing neuritis,"  and  without  other  evidence  of  increased  intracranial 
pressure,  may  present-  the  typical  appearance  of  choked  disk,  so  that 
we  no  longer  attempt  to  make  an  ophthalmoscopic,  etiologic  diagnosis 
between  "descending  neuritis"  and  choked  disk. 

v.  Graefe  considered  that  choked  disk  Was  produced  by  the  increased 
intracranial  pressure  damming  back  the  circulation  of  the  eye  by  press- 
ing on  the  cavernous  sinus.  He  thought  that  this  mechanical  eft'ect 
was  still  further  enhanced  by  the  effect  of  the  rigid  scleral  foramen. 

This  theory  of  pressure  on  the  cavernous  sinus  received  a  severe 
setback,  in  18G9,  when  Seseman  showed  that  the  communication 
between  the  orbital  and  facial  veins  is  so  free  that  pressure  on,  and  even 
obliteration  of,  the  cavernous  sinus  produces  no  intra-ocular  changes. 
This  was  further  corroborated  by  Hutchinson's  case,  in  which  complete 
obliteration  of  the  cavernous  sinus  by  pressure  from  aneurysm  pro- 
duced no  eye  changes. 
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It  was  Schwalbe,  in  1SG9,  who  first  showed  that  the  subvaginal 
space  around  the  optic  nerve  is  contiiuious  with  and  can  be  injected 
from  the  subdural  space,  and  who  pointed  out  the  significance  of  the 
fact  in  connection  with  choked  (Hsk. 

Carion,  Manz,  and  Schmidt  showed  how  frequent  is  the  distention 
of  the  optic  sheath  in  neuritis,  and  tried  to  produce  optic  neuritis 
by  injecting  the  subdural  space  with  fluid;  and  in  some  cases  a  transient 
swelling  and  redness  of  the  disk  resulted,  but  no  typical  neuritis. 

Schmidt  found  that  fluid  injected  into  the  sheath  passed  into  the 
lymph  spaces  in  the  nerve  at  the  lamina  cribrosa,  and  he  suggested 
that  pressure  inside  the  nerve  and  perhaps  irritation  from  the  fluid 
in  the  nerve  causes  the  neuritis. 

Schmidt's  and  Manz's  views  were  widely  accepted  in  Germany. 

Leber  threw  his  influence  in  favor  of  the  inflammatory  theory,  in 
1881,  in  a  discussion  at  the  International  Medical  Congress  in  London, 
and  here  first  used  the  term  "papillitis."  He  rejected  the  theory  of 
Manz  that  the  fluid  acts  by  mechanical  pressure,  and  also  failed  to 
verify  the  connection  between  the  sheath  and  lymph  spaces  of  the  nerve, 
asserted  by  Schmidt-Rimpler.  He  assumed  that  the  fluid  in  the  sheath 
excited  neuritis  by  conveying  pathological  material  into  the  optic 
nerve  behind  the  eye.  Deutschmann  published  additional  evidence 
in  favor  of  Leber's  theory. 

Other  theories  of  the  origin  of  optic  neuritis  which  have  arisen  only 
to  be  discarded  are:  (1)  the  "  foreign  body"  theory  of  Hughlings  Jackson 
and  Brown-Sequard ;  (2)  vasomotor  theory  of  Benedikt;  (3)  inflam- 
mation by  continuity  theory  of  Galezowski;  (4)  basal  meningitis 
theory  of  Edmunds  and  Lawf ord ;  (5)  theory  that  neuritis  optica  intra- 
ocularis  is  the  expression  of  a  general  cerebral  edema,  the  efi'ect  of  dis- 
tention of  the  ventricles  of  the  brain. 

In  more  recent  years  the  Schmidt-Manz  mechanical  theory  has  been 
upheld  by  Schulten,  Bramwell,  Oppenheim,  Hoche,  Merz,  as  well  as 
V.  Bruns  and  Gushing.  Uhthoff,  Saenger,  Axenfeld,  and  Kampfferstein 
speak  of  rigid  lamina  cribrosa,  in  addition  to  increased  intracranial 
pressure,  as  furthering  intra-ocular  passive  congestion. 

The  Leber-Deutschmann  theory  has  been  vigorously  upheld  by 
Knies  and  Gowers,  who  believe  in  a  descending  neuritis;  the  same 
opinion  is  also  held  by  Elschnig,  who  first  used  the  term  papilledema. 
Jacobson  and  Fleming  have  likewise  upheld  the  Leber-Deutschmann 
hypothesis. 

But  whether  the  process  in  the  nerve  and  nerve  head  is  inflammatory 
in  nature  (as  evidenced  by  round-cell  infiltrations,  exudate,  edema, 
hemorrhages,  increase  of  nuclei),  or  merely  a  passive  congestion  and 
edema,  it  is  certain  that  in  the  great  majority  of  cases,  and  particularly 
in  those  in  which  an  increase  in  intracranial  pressure  is  demonstrable, 
decompressive  operations  lead  to  retrogression  of  the  eye  conditions, 
and  even  to  the  complete  or  almost  complete  recovery  of  \-ision  in  eyes 
previously  nearly,  though  rarely  quite,  blind. 

The  time  of  election  for  operation  in  these  cases  is  the  beginning  of 
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loss  of  vision.  Later  operation,  when  atrophy  is  advanced,  cannot 
restore  the  damaged  nerve  cells.  . 

One  important  reason  for  the  present  confusion  in  the  entire  subject 
of  choked  disk  and  optic  neuritis  is  the  lack  of  an  adequate  terminology. 
We  apply  these  terms  to  designate  something  which  we  see  in  the 
fundus  by  the  ophthalmoscope;  and  instead  of  using  terms  of  a  purely 
objective  descriptive  character,  we  use  terms  which  refer  to  the  supposed 
pathogenesis  of  the  lesions  and  not  at  all  to  the  changes  which  we 
actually  observe.  Therefore,  four  different  observers  may  call  the 
same  lesion  optic  neuritis,  choked  disk,  papillitis,  or  palilledema, 
and  yet  all  these  four  terms  imply  rather  distinctly  different  processes. 
The  changes  which  can  be  observed  in  the  fundus  in  such  cases  are 
actual  facts  in  the  description  of  which  all  observers  can  agree.  These 
actual  facts  should  be  sharply  separated  from  the  theories  regarding 
pathogenesis,  a  matter  in  which  there  will  continue  to  be  much  difference 
of  opinion. 

Another  reason  for  the  existing  confusion  is  that  these  fundus  changes 
are  not  always  observed  from  their  beginning  to  their  end  by  the  same 
medical  man,  or  even  by  any  medical  man.  What  we  see  as  a  choked 
disk  of  five  diopters  m.ay  have  started  as  a  pure  papilledema,  and  later 
have  developed  hemorrhages  and  exudate,  or  it  may  have  had  them  from 
the  first,  or  it  may  run  its  entire  course  without  them.  To  observe  the 
beginning  of  these  lesions  seems  at  present  to  be  especially  important. 
To  this  end  every  practitioner  and  surgeon  should  be  urged  to  learn 
to  use  the  ophthalmoscope.  The  electrical  ophthalmoscope  has  now 
become  a  popular  instrument,  which  every  medical  man  should  own 
and  use  as  frequently  as  he  does  the  stethoscope.  The  ingenious  new 
electric  ophthalmoscope  recently  devised  by  my  associate,  Dr.  Roger 
T.  Vaughan,  a  description  of  which  was  published  by  him  in  the  Miinch. 
med.  Woch.  for  1913,  reduces  the  electric  ophthalmoscope  to  pocket 
size,  and  lowers  its  price  to  within  the  reach  of  every  practitioner 
who  has  the  ambition  to  learn  its  use.  The  findings  of  the  ophthal- 
moscope are  not  a  w^hit  less  important  nor  its  mastering  more  difficult, 
at  least  in  the  case  of  the  electric  instrument,  than  the  stethoscope. 
As  Gushing  insists,  every  man  who  does  neurological  surgery  should 
either  be  able  to  use  the  ophthalmoscope  reliably  himself  or  have  an 
assistant  who  can.  If  the  ophthalmoscope  were  in  much  more  general 
use,  and  if  we  had  a  better  array  of  purely-  objective  designations  for 
the  nerve-head  pictures  which  we  see,  we  should  make  much  more 
progress  in  the  clarifying  of  the  subject  of  choked  disk.  Just  at  present 
the  mechanical  theory  seems  to  have  the  upper  hand,  and  the  papill- 
edema of  Elschnig,  a  transparent  swelling  of  the  disk  without  hemor- 
rhages or  exudate,  appears  to  be  the  type  which,  while  not  very  frequent, 
speaks,  when  found,  most  strongly  for  the  existence  of  increased  intra- 
cranial pressure. 

Etiology  of  Choked  Disk  and  Optic  Neuritis. — Tiie  following  conditions 
are  those  in  which  neuritis  intraocularis  and  choked  disk  more  com- 
monly occur. 
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A.  Intracuanial  Conditions.— 7 «?nor  Cerahri.—  ].  Tumor  cerebri 
is  by  fur  the  most  frequent  cause  of  choked  disk.  In  200  cases  of 
Kainptt'erstein's  of  choked  disk,  134  were  due  to  brain  tumor.  Had 
cerebral  syphilis  and  conglomerate  tubercles  been  added,  the  number 
would  have  been  raised  to  170. 

Gowers  holds  that  tumor  cerebri  is  also  the  most  frequent  cause 
of  optic  neuritis,  though  R.  Grefi*  is  inclined  to  give  the  precedence  to 
the  various  forms  of  meningitis. 

The  size  of  the  tumor  plays  no  great  role.  Choked  disk  may  occur 
with  very  small  tumors  or  be  absent  with  very  large  ones.  Much  more 
important  is  the  location  of  the  tumor,  and  whether  it  interferes  with 
the  drainage  of  the  ventricles  or  the  sinuses,  especially  the  sinus  rectus, 
and  the  veins  of  Galen. 

The  location  of  the  tumor  is  of  much  more  importance  in  the  produc- 
tion of  choked  disk  than  its  microscopic  character  or  specific  etiology-. 
In  general  it  may  be  said  that  the  tendenc}^  of  tumors  to  produce 
choked  disk  increases  from  the  anterior  to  the  posterior  pole  of  the 
brain,  and  diminishes  from  the  cortex  inward.  Also  choked  disk  is 
somewhat  more  likely  to  occur  earlier  and  reach  a  higher  degree  on  the 
same  side  as  the  tumor. 

Paton,  in  reviewing  252  cases  of  brain  tumor,  found  that  tumors 
of  the  cortex  are  more  liable  to  produce  optic  neuritis  and  choked  disk 
than  tumors  of  the  subcortical  white  matter  and  pons,  and  that  the 
intensity  of  the  neuritis  in  tumors  of  the  cerebral  cortex  varies  inversely 
with  the  distance  of  the  part  affected  from  the  anterior  end  of  the  middle 
fossa. 

Age  is  an  important  factor  in  the  production  of  choked  disk  by  tumor, 
youth  being  much  more  liable  to  develop  it  than  age.  H.  D.  Singer, 
in  reporting  88  cases  of  brain  tumor,  showed  that  the  average  age  of  51 
cases  with  well-developed  choked  disk  was  twenty-eight  years,  and  of  9 
cases  without  choked  disk  was  fifty-four  years. 

Heredity,  sex,  nationality,  and  occupation  play  little  if  any  role. 

Tumors  of  the  posterior  fossa  are  especially  liable  to  produce  choked 
disk.  They  are:  cerebellar  cysts,  psammomata,  endotheliomata,  sar- 
comata, gliomata.  The  cerebellum  is  also  the  location  of  predilection 
for  conglomerate  tubercles  and  otitic  abscesses. 

Cerebellopontine  angle  tumors  most  often  grow  from  the  acoustic 
nerve;  less  often  from  the  adjacent  nerves,  corpora  quadrigemina 
or  cerebellum.  Acoustic  tumors  are  usually  fibromata,  gliomata,  sar- 
comata, and  less  often  psammomata,  and  not  rarely  may  be  bilateral. 

Basal  tumors  and  hemorrhages  (also  of  the  corpora  quadrigemina, 
pons,  medulla,  pineal  gland,  etc.)  produce  choked  disk  much  less  often 
than  the  two  groups  above,  perhaps  because,  owing  to  early  involve- 
ment of  vital  parts,  they  produce  death  before  they  arrive  at  the  choked- 
disk-producing  stage. 

Hypophysis  tumors  and  cysts  (occasionally  gununata  and  rarely 
tuberculomata)  may  sometimes  produce  choked  tlisk,  but  set  up  optic 
neuritis  somewhat  oftener. 
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The  characteristic  eye  finding  of  liypophysis  tiunor  is  bitemporal 
hemianopsia.  Binasal  hemianoi)sia  is  rarely  found;  bitemporal  atrophy, 
atropliy  in  varying  grades  of  one  or  both  eyes,  or  hemianopsia  with 
atrophy  are  somewhat  less  characteristic.  They  usually  find  an  ade- 
quate explanation  at  postmortems  in  direct  pressure  of  the  tumor  on 
the  optic  tracts  or  chiasm,  and  less  frequently  on  the  optic  nerves 
themselves,  to  reach  which  a  pituitary  tumor  must  be  very  large  and 
must  ha^'e  a  very  unusual  forward  extent. 


Fig.  73 


Subcortical  tumor.  The  dilated  veins  and  discolored,  uneven  cortex  enable  us  to  locate  such  sub- 
cortical tumors  at  operation.  Any  one  of  these  three  characteristics  is  enough  to  act  as  guide  for  an 
exploratory  incision. 

Erdheim,  in  1904,  showed  and  depicted  the  mechanism  by  which 
both  optic  tracts  may  be  caught  between  a  growing  hypophysis  tumor 
and  the  carotid  arteries,  and  crushed  between  them.  Erdheim,  in 
1909,  had  another  similar  case,  an  unsuccessful  attempt  at  extirpation 
by  Ilochenegg,  with  death  from  hemorrhage,  and  in  this  case  the  two 
very  rigid  sclerotic  carotids  acted  as  unyielding  bands,  between  which 
and  the  large  pituitary  tumor,  the  optic  tracts  had  been  compressed  to 
a  thin,  scarcely  perceptible  transparent  ribbon.  The  patient,  needless 
to  say,  was  completely  blind  before  the  operation. 

Perhaps  the  very  rare  cases  of  pituitary  tumor  with  binasal  hemi- 
anopsia are  due  to  such  a  condition,  the  pressure  of  the  carotids  on  the 
temporal  fibers  of  the  tract  making  itself  felt  before  the  pituitar}'  tumor 
itself  has  brought  about  a  distinct  lesion  in  the  nasal  fibers. 
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P>om  the  mcchanioal  theory  of  optic  traet  lesions  in  hypophysis 
tumors,  Schnabel  seems  to  he  the  cliief  dissenter.  His  theory,  Imm^ht 
forth  in  190G,  that  the  bitemporal  hemianopsia  is  of  toxic  origin,  due 
to  the  direct  action  of  pituitary  toxin  on  tlie  nerve  fibers,  and  likening 
the  condition  to  toxic  central  scotomata,  has  not  found  much  support. 
Physiological  and  chemical  researches  since  that  time,  while  they  have 
considerably  enlarged  our  knowledge  of  the  pituitary  secretion  and  its 
functions,  have  not  as  yet  demonstrated  a  neurotoxin  sufficiently  active 
to  produce,  unassisted,  so  severe  a  nerve  lesion  as  that  occurring  com- 
monly with  pituitary  tumor.  Moreover,  since  the  appearance  of 
Schnabel 's  article,  the  relief  experienced  from  operative  procedure 
in  patients,  in  most  of  whom  only  a  partial  extirpation  of  the  gland 
has  been  performed,  speaks  rather  strongly  against  the  toxin,  and  for 
the  pressure  theory. 

Cortical  tumors  (those  above  the  tentorium)  do  not  usually  develop 
neuritis,  though  they  do  so  more  often  than  tumors  of  the  subcortical 
white  matter.  From  the  point  of  view  of  diagnosis  and  treatment,  these 
tumors  should  be  divided  into  those  of  the  (1)  sensorimotor  area;  (2) 
occipital  lobe;  (3)  temporal  lobe;  (4)  frontal  lobe;  and  also  those  arising 
from  the  (1)  meninges;  (2)  outside  the  meninges  (in  the  bone  and  outer 
surface  of  the  dura);  (3)  cortex;  (4)  subcortical  while  matter  and 
spreading  to  the  cortex. 

Cerebral  cysts  almost  deserve  a  chapter  to  themselves,  owing  to  their 
peculiar,  varied,  and  often  obscure  etiology,  and  to  the  problems  which 
they  present  in  diagnosis  and  treatment. 

They  are:  (1)  primarily  cystic  tumors;  (2)  solid  tumors  with  secondary 
cystic  degeneration;  (3)  traumatic  cysts  (a)  hemorrhage  with  subse- 
quent absorption;  (b)  encephalomalacia,  etc.;  (4)  connective-tissue 
cysts  of  Krause;  (5)  parasitic;  (6)  lymphatic. 

2.  Brain  Abscess. — Brain  abscess  is,  according  to  Oppenheim,  who 
has  reviewed  the  literature  up  to  1909,  in  30  to  50  per  cent,  of  the  cases: 

(a)  Of  otitic  origin.  These  otitic  abscesses  are  located  either  (1) 
extradurally,  (2)  in  the  cerebellum,  or  (3)  in  the  temporal  lobe.  They 
are  mentioned  here  in  the  order  of  their  frequency. 

(b)  Disease  of  the  accessory  sinuses  produces  brain  abscess  much  less 
often  than  does  ear  disease.  The  location  of  these  abscesses  is  usually 
either  subdural  at  the  base  or  in  the  frontal  lobes. 

(c)  Abscess  following  injury  may  be  located  anywhere,  depending 
on  the  site  and  nature  of  the  trauma. 

(d)  Pyemic  and  metastatic  abscesses  may  occur  anj^vhere  and  do  not 
show  the  same  uniform  tendency  to  attack  the  region  of  the  basal 
ganglia  that  embolic  hemorrhages  show.  We  may  also  mention  brain 
abscesses  occurring  with  bronchiectases  and  other  puruleni  affections  of  the 
lungs.  The  route  of  infection  of  the  brain  here  is  not  always  entirely 
clear. 

3.  Intracranial  Hemorrhages. — These  are  much  less  frequently  the 
cause  of  choked  disk  than  the  above-mentioned  conditions.  In  fact, 
in  the  great  majority  of  cases,  even  with  massive  hemorrhages  into 
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the  meningeal  spaces,  tliere  are  no  changes  in  the  eye-grounds.  Why 
swelHng  of  the  disk  is  present  in  the  small  minority  of  cases  and  absent 
in  the  others  is  difficult  at  present  to  state,  but  it  seems  in  line  with 
the  relatively  small  tendency  of  cortical  disease  in  general  to  produce 
choked  disk,  and  with  the  fact  that  the  hemorrhage  must  cease  as  soon 
as  the  intravascular  and  intracranial  pressures  become  equal.  In  the 
fatal  cases  complicated  by  meningitis,  swelling  of  the  disks  is  some- 
what more  frequent.  ' 

4.  Sinus  Thrombosis. — Sinus  thrombosis  in  two-thirds  of  the  cases 
produces  no  eye  changes;  why  in  some  cases  and  not  in  others  is  diffi- 
cult to  say.  It  cannot  be  a  matter  of  restriction  of  the  outflow  from 
the  ophthalmic  veins,  since  many  cases  of  complete  blocking  or  throm- 
bosis of  the  cavernous  sinus,  as  first  reported  by  Hughlings  Jackson, 
show  no  fundus  changes,  the  blood  escaping  freely  from  the  ophthalmic 
veins  by  way  of  the  facial  and  angular  veins  and  their  tributaries. 
Very  likely  some  cases  run  their  course  with  increased  intracranial 
pressure  while  others  do  not. 

5.  Meningitis. — Meningitis  is  a  very  common  cause  of  optic  neuritis 
(i.  e.,  of  a  moderate  degree  of  papillitis),  but  rarely  of  actual  choked 
disk. 

Epidemic  meningitis  is  a  frequent  cause  of  optic  neuritis,  of  w^hich 
it  is  often  one  of  the  earliest  and  most  valuable  signs,  as  demonstrated 
by  a  case  seen  by  the  authors  at  Cook  County  Hospital  in  January, 
1910,  in  which  an  examination-room  diagnosis  of  lumbago  was  changed 
to  one  of  epidemic  meningitis  by  the  finding  of  a  bilateral  optic  neuritis. 
This  led  to  a  lumbar  puncture,  resulting  in  finding  pus  and  the  diplo- 
coccus  intracellularis. 

Choked  disk,  w^hen  it  does  occur  in  meningitis,  is  apt  to  appear 
late  in  the  disease,  when  the  acute  symptoms  have  disappeared.  A 
remnant  of  exudate,  more  or  less  organized,  blocks  the  foramina  of 
exit  of  the  fourth  ventricle  (foramina  of  Magendie,  Key,  and  Retzius), 
and  causes  an  internal  hydrocephalus. 

Tuberculous  meningitis  leads  to  optic  neuritis  only  in  rare  cases. 
Tubercles  in  the  choroid  are  almost  as  frequent  here  as  is  optic  neuritis. 
Choked  disk  occurs  chiefly  when  large  conglomerate  tubercles,  particu- 
larly in  the  cerebellum  or  pons,  complicate  the  meningeal  disease. 

Meningitis  from  other  causes  (pneuviococc7iS ,  streptococcus,  influenza 
and  pyogenic  cocci)  leads  to  optic  neuritis  in  a  percentage  of  cases 
lying  between  the  above  tw^o  forms.  Choked  disk  occurs  chiefly  when 
they  are  accompanied  by  brain  abscess,  internal  hydrocephalus,  or 
pyocephalus. 

6.  Hydrocephalus  Internus. — Hydrocephalus  internus,  particularly 
in  the  chronic  form,  is  a  frequent  cause  of  the  higher  degree  of  optic 
neuritis,  choked  disk,  and  postneuritic  atrophy. 

Whether  choked  disk  in  these  cases  be  due  to  hydrops  of  the  sheath 
of  the  ()j)tie  nerve,  edema  of  the  nerve  itself,  or  to  pressure  of  the  dilated 
third  ventricle  on  the  chiasm  is  not  certain.  At  any  rate,  it  seems  likely 
that  the  last  occurrence  may  explain  the  sudden,  transient,  and  recurring 
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amblyopias  which  are  an  aluriniiifi;  symptom  in  some  brain  tumors 
associated  witii  internal  hydrocephalus. 

7.  Aneurysm  of  Cranial  Arteries. — Aneurysm  of  the  cranial  arteries, 
most  usually  at  the  base  (carotids,  vertebral,  basilar,  circle  of  Wilhs, 
anteriovenous  aneurysm,  etc.),  is  one  of  the  rarer  causes  of  choked 
disk. 

8.  Cranial  Deformity. — Cranial  deformity  particularly  the  "tower 
skull."  which  is  often  associated  with  an  internal  hydrocephalus,  is 
a  moie  frequent  cause  of  the  swelling  of  the  disk  then  exostoses,  which 
occasionally,  though  rarely,  present  the  only  demonstrable  cause  for 
an  existing  optic  neuritis,  which  may  disappear  on  their  remo\'al. 

9.  Brain  Syphilis. — Brain  syphilis  produces  choked  disk  chiefly 
in  the  gummatous  stage,  or  when  associated  wuth  hydrocephalus. 
Optic  neuritis  is,  however,  common,  though  often  unilateral,  in  the 
secondary  stage,  occurring  especially  along  with  the  early  relapsing 
eruptions,  rupia,  condylomata,  iritis,  etc.,  rather  than  with  the  primary 
eruption. 

10.  Ear  Disease. — It  is  chiefly  the  intracranial  complications  which 
lead  to  optic  neuritis,  especially  abscesses,  suppurative  meningitis, 
meningitis  serosa,  and  sinus  thrombosis.  In  a  certain,  though  small, 
number  of  apparently  uncomplicated  cases  of  otitis  Uxedia  there  may 
develop  an  optic  neuritis.  It  has,  however,  been  noted  that  later  these 
cases  are  more  apt  to  present  intracranial  complications  than  are  those 
without  the  accompanying  neuritis.  Meniere's  disease  may  also  occa- 
sionally be  accompanied  by  an  optic  neuritis,  perhaps  due  to  the  same 
cause  which  produces  the  trouble  in  the  inner  ear  or  vestibular 
tract. 

11.  Encephalitis. — Encephalitis  producing  any  eye  symptoms  causes 
optic  neuritis  of  low  grade,  and  very  rarely,  if  ever,  choked  disk,  unless 
abscess  formation  intervenes  in  addition.  Encephalitis  occurs  with 
acute  poliomyelitis  often  as  an  accompanying  acute  polioencephalitis 
(Striimpell),  scarlet  fever  and  the  other  exanthems,  meningoenceph- 
alitis and  trauma. 

12.  Postoperative  Neuritis. — Postoperative  neuritis,  as  pointed  out 
by  Gushing  and  b}^  de  Schweinitz  and  Holloway,  though  a  rare  com- 
plication of  exploratory  and  decompressive  measures,  may  occur  in 
eyes  previously  normal.  The  more  usual  occurrence,  however,  is  that 
a  previously  existing  optic  neuritis  or  choked  disk,  for  a  few  days  or 
a  couple  of  weeks  after  the  operation,  shows  a  slight  or  moderate  increase 
in  intensity  before  it  gradually  disappears  or  goes  over  into  a  secondary 
atrophy. 

B.  Other  Less  Import.vnt  Optic  Conditions,  causing  optic  neuritis, 
which,  however,  may  be  mistaken  for  those  demanding  surgical  inter- 
vention, are:  multiple  sclerosis,  paretic  dementia,  nephritis  (neuritis  or 
neuroretinitis),  neuritis  of  pregnancy  and  the  puerperium,  neuroretinitis 
leukemica. 

Intoxications,  especially  with  metallic  salts,  are  more  ixpt  to  jiroduce 
retrobulbar  neuritis  than  neuritis  optica  intraocularis,  and  also  are 
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very  apt  to  loail  to  optic  atrophy,  e.  g.,  arsenic,  lead,  mercury,  alcohol 
(ethyl  and  methyl),  tobacco,  etc. 

Lightning  stroke  is  said  to  he  a  cause  of  optic  neuritis,  but  the  so-called 
"  Bcrlinischc  Triihung''  is  a  more  frequent  fundus  change. 

C.  Orbital  Disease  is  a  frequent  cause  of  optic  neuritis  and  choked 
disk,  which  is,  of  course,  with  rare  exceptions,  unilateral  here. 

The  particular  varieties  of  orbital  disease  causing  swelling  of  the 
optic  disk,  especially  those  secondary  to  inflammations  or  tumors  of 
the  accessory  sinuses  of  the  nose,  are  not  apropos  in  this  work,  and  will, 
therefore,  not  be  discussed  here. 

Diagnosis. — Reversal  of  the  Color  Fields. — Bordley  and  Gushing  have 
described  as  pathognomonic,  for  increased  intracranial  pressure,  a 
re\-ersal  of  the  fields  of  red  and  blue,  the  field  of  blue  being  smaller 
than  that  for  red,  while  the  field  for  white  remains  unchanged.  After 
decompressive  trepanation.  Gushing  saw  the  fields  return  to  normal. 
Gushing  found  this  as  an  early  symptom  in  many  cases  of  brain  tumor, 
and  even  performed  decompressive  trepanation  from  this  indication 
alone.  This  discovery  of  Gushing's,  if  true,  is  very  important.  It 
has  had,  unfortunately,  not  yet  sufficient  attention  paid  to  it.  So  far 
as  we  know',  no  serious  attempt  has  been  made  to  verif}'^  or  con- 
tradict it.  On  our  side  of  the  water  the  oculists  have  hastened  to  remind 
us  that  this  color  reversal  is  a  frequent  finding  in  hysteria,  as  has  long 
been  known.  Krause,  in  his  voluminous  work  on  the  Surgery  of  the 
Brain  and  Cord,  mentions  Gushing's  publication,  but  says  nothing  as 
to  his  own  experience.  Our  own  experience  is  not  sufficient  to  have 
much  value  in  this  connection,  since  our  material  consists  chiefly  of 
cases  referred  by  neurologists  after  the  diagnosis  has  been  thoroughly 
established. 

The  W'hole  subject  of  anomalies  of  the  color  sense  has  been  investi- 
gated lateh'  with  typical  German  thoroughness  by  Hans  Koellner, 
assistant  in  the  eye  clinic  at  the  University  of  Berlin.  He  found  blue 
and  violet  blindness  in  a  number  of  affections  of  the  optic  nerve,  as 
one  of  the  earliest  symptoms  to  appear,  and  latest  to  disappear.  Espe- 
cially frequent  was  it  in  the  different  forms  of  neuritis,  particularly  of 
the  luetic,  albuminuric  and  sympathetic  forms.  In  ten  cases  of  luetic 
neuritis  it  was  present  six  times.  He  also  found  it  present  in  choked 
disk.  The  blue  and  violet  central  or  paracentral  scotomata  were  the 
most  frequent  forms  of  the  afi^ection.  The  exact  frequency  of  the 
peripheral  diminution  of  the  perception  of  blue  and  violet  he  does  not 
state  explicitly,  and  appears  to  be  ignorant  of  Gushing's  work,  or  at  least 
makes  no  mention  of  it.  That  optic  neuritis  is  more  frequently  accom- 
panied by  a  progressive  red  and  green  blindness  beginning  peripherally 
he  lays  considerable  stress  on,  and  also  that  this  is  often  the  earliest 
sign  of  the  trouble. 

Koellner  has  attacked  the  whole  subject  of  the  color  sense  disturb- 
ances in  a  very  thorough-going  and  fundamental  way,  and  his  book 
represents  many  years  of  laborious  examinations  and  constitutes  the 
most  important  advance  in  this  field  perhaps  since  Ilelmholtz's  time. 
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Instead  of  following  the  simple  perimetric  method  of  Cusiiing,  henceforth, 
all  those  who  wish  to  do  further  research  along  this  line  must  be  pre- 
pared to  make  complete  examinations  of  the  entire  color  sense  in  these 
cases,  including  the  use  of  pseudo-isochromatic  tables,  the  llayleigh 
comparison  test,  the  anomaloscope,  etc.  Highly  desirable  as  such 
examinations  are,  both  from  a  scientific  and  practical  standpoint,  it 
seems  scarcely  likely  that  we  shall  see  them  made  extensi\'ely  m  Ameri- 
can clinics  for  a  long  time  to  come.  It  is  difficult  enough  to  get  com- 
petent assistants  to  make  adequate  perimeter  charts  without  expecting, 
in  addition,  the  large  amount  of  training  and  leisure  time  requisite  for 
careful  complete  color  tests  of  the  entire  field.  In  view  of  Koellner's 
experience,  it  seems  at  best  very  improbable  that  Cushing's  syndrome 
is  at  all  pathognomonic  for  intracranial  tumors;  but  that  it  is  rather 
an  early  symptom  in  the  different  forms  of  neuritis,  less  frequent  in 
choked  disk,  and  may  also  be  found  in  other  intra-ocular  affections, 
optic  atrophy,  albuminuric  retinitis,  etc. 

Bradycardia. — ^Bradycardia  is  an  important  point  in  the  diagnosis 
of  increased  intracranial  pressure  when  present.  The  pulse  beat 
may  sink  to  forty  per  minute,  or  even  less,  usually  accompanied  by 
well-filled  arteries  and  an  increased  blood  pressure.  Unfortunately, 
it  is  chiefly  in  the  acute  and  not  in  the  chronic  cases  that  it  is 
found. 

Depression  and  Paralysis  of  the  Respiration  Centre. — This  is  seen  chiefly 
late  in  the  course  of  brain  tumor,  and  is  due  to  pressure  on  the  medulla. 
It  may  lead  to  death  before  there  are  any  localizing  symptoms  of  the 
tumor  present.  This  type  of  death  is  one  of  the  common  ones  after 
intracranial  operations,  even  following  so  slight  an  operation  as  brain 
puncture.  The  rapidly  increasing  pressure  in  such  cases  is  probably 
due  to  an  acute  edema  of  the  brain. 

The  X-ray. — We  come  lastly  to  one  of  the  most  important  signs  of 
increased  intracranial  pressure,  the  only  pathognomonic  one  which 
we  possess.  It  is  the  presence  of  generalized  erosions  of  the  calvarium 
and  increased  formation  of  juga  cerebralia  at  the  base.  When  present, 
we  can  say  at  once,  without  further  evidence,  and  even  in  the  absence 
of  clinical  symptoms,  that  there  is  or  has  been  recently,  increased  intra- 
cranial pressure.  Dr.  Arthur  Schiiller,  of  Vienna,  saw  and  interpreted 
these  changes  and  published  them  in  1905,  in  his  monograph.  Why, 
in  the  intervening  seven  years,  the  frequency  and  the  significance  of 
this  finding  has  not  come  to  be  more  generally  understood  is  hard  to 
say.  In  this  country  Spiller,  of  recent  years,  has  written  about  the  im- 
portance of  the  a;-ray  examination  of  the  skull;  but  the  bulk  of  the 
profession  has  not  had  its  attention  called  particularly  to  the  importance 
of  these  changes.  There  is  at  present  no  text-book  in  English  which 
includes  the  a:-ray  picture  as  one  of  the  cardinal  points  in  the  diagnosis 
of  increased  intracranial  pressure  and  intracranial  growths.  Besides 
the  positive  diagnosis  of  increased  intracranial  pressure  which  can 
be  made  from  an  x-ray  of  the  skull,  the  other  important  points  in  the 
diagnosis  which  may  be  made  with  its  help  are: 
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1.  Craniostenosis  (of  which  "tower  skull"  is  the  most  important 
form). — This  is  due  to  premature  closure  of  the  sutures  of  the  skull, 
the  form  of  skull  varying  according  to  the  sutures  obliterated.  (Scapho- 
cephalus,  brachycephalus,  dolichocephalus,  etc.) 

2.  Enlargement  of  the  Sella  Turcica.—Th'is  may  be  due  to  tumor  of 
the  hypophysis,  dilatation  of  the  third  ventricle  with  general  or  local- 
ized hydrocephalus,  or  tumor  of  the  base  of  the  skull  extending  to  the 
sella. 

3.  Internal  exostoses  and  concentric  liyyertro'phy  of  the  skull. 

4.  Calcification  of  the  Brain. — This  is  most  often  seen  in  the  pineal 
gland,  which  is  located  in  the  .T-ray  picture  one  and  one-half  cen- 
timeters behind  and  three  and  a  half  centimeters  above  the  external 
auditory  meatus,  and  in  the  midline  of  the  body.  When  the  pineal 
gland  is  thus  visible,  its  lateral  displacement  may  sometimes  be  used 
in  determining  the  side  of  the  brain  in  which  the  new  growth  is 
located. 

5.  Veim  in  the  Diyloe  and  Internal  Table.  —  When  there  is  an  ob- 
struction to  the  venous  flow  in  the  sinuses,  the  building  of  a  collateral 
circulation  in  the  bone  will  sometimes  give  a  clue  to  the  location  of 
the  blocking,  just  as  does  the  formation  of  the  caput  medusae  in 
cirrhosis  of  the  liver  {e.  g.,  a  recent  case  of  ours  of  acusticus  tumor). 

6.  Epithelioma  of  Dura.- — Diagnosis  of  the  localization  of  epithelioma 
of  the  dura.  Here  a  hyperostosis  sometimes  occurs  in  the  inner  table 
just  over  the  tumor.  Infiltration  of  the  bone  by  the  tumor  is  also 
not  infrequent,  and  even  penetration  to  the  outside  may  occur,  as  we 
have  twice  seen. 

7.  Erosion  of  the  Bone. — Erosion  of  the  bone  from  disease  processes 
penetrating  from  the  inside  to  the  outside,  or  vice  versa,  especially 
tumors,  tuberculosis,  and  syphilis. 

For  the  many  other  rarer  pathological  processes  in  which  the  .r-ray 
is  more  or  less  a  factor  in  the  diagnosis,  we  must  refer  those  interested 
especially  to  Schiiller's  recent  w^ork  in  the  Nothnagel  series,  and  also 
to  his  chapter  in  Lewandowsky's  Handbuch. 

Nystagmus. — Another  important  point  in  the  diagnosis  of  intra- 
cranial processes,  particularly  in  the  septic  processes  going  out  from 
the  ear,  and  in  the  diseases  of  the  cerebellum,  is  the  examination  of  the 
character  of  the  nystagmus  as  developed  by  the  Vienna  school  of 
otology,  and  by  Barany  in  particular.  This  subject,  like  that  of  the 
a:-ray  of  the  skull,  requires  a  monograph  of  its  own  for  its  adequate 
and  understandable  presentation.  It  cannot  be  properly  handled 
in  the  small  space  at  our  disposal.  We  shall,  therefore,  cite  chiefly 
the  literature  in  which  it  can  be  best  studied;  and  shall  refer  only  to 
certain  of  its  findings  later,  particularly  when  we  discuss  the  treatment 
of  diseases  of  the  cerebellum. 

Localization. — The  localizing  symptoms  of  the  dift'erent  intracranial 
affections  are  not  presumed  to  be  discussed  in  this  work,  and  therefore, 
will  be  consiflered  in  this  chapter  only  in  passing,  as  the  procedures 
for  their  operative  relief  are  set  down.    We  can  add  here  that  every 
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intracranial  condition  demandin^^  operative  interference  should  have 
not  only  a  thorough  general  physical  and  neun^logical  examination, 
but  should  have  eyes,  ears,  nose,  pharynx,  and  larynx  examined.  The 
Hay  pharyngoscope  we  can  especially  recommend  for  obtaining  a  good 
view  of  the  retronasal  space,  from  which  tumors  may  grow  into  the 
base  of  the  brain  and  into  which  tumors  of  the  base  may  penetrate; 
for  instance,  large  hypophysial  tumors,  chordoma  as  in  Spiess'  case, 
epithelioma  of  the  dura  at  the  base,  sarcoma  and  carcinoma  of  the  nose, 
sinuses,  pharynx  and  tonsils,  and  the  like.  For  the  easy  examination 
and  diagnosis  of  such  tumors.  Hay's  instrument  marks  a  considerable 
advance  over  the  old  retronasal  mirror. 

Serological  Methods  for  the  Diagnosis  of  Malignant  Tumors. — Before 
dismissing  the  subject  of  the  diagnosis  of  intracranial  tumors,  it  may 
be  worth  while  to  mention  the  recent  attempts,  serological  and  other- 
wise, to  diagnosticate  occult  malignant  tumors.  These  attempts  are 
more  significant  for  the  hopes  they  have  raised  than  for  the  results 
they  have  so  far  achieved. 

The  oldest  and  the  most  reliable  as  yet  of  them  all  seems  to  be  the 
meiostagmin  reaction  of  Ascoli.  The  basis  for  this  reaction  is  the  obser- 
vation that  when  an  antigen  and  antibody  are  brought  together  there 
occurs  a  decrease  in  the  surface  tension  of  the  mixture,  and  therefore 
an  increase  in  the  number  of  drops  in  a  given  quantity  of  the  mixture. 
According  to  this  decrease  in  the  surface  tension,  as  measured  by 
the  Traube  stalagmometer,  the  reaction  is  called  positive,  doubtful,  or 
negative. 

Freund  and  Kaminer,  in  Vienna,  have  found  that  the  serum  of  car- 
cinoma patients  has  no  cytolytic  action  on  carcinoma  cells,  whereas 
normal  serum  dissolves  them.  This  fact  they  made  the  basis  for  their 
test.  Unfortunately,  only  about  70  per  cent,  of  carcinoma  sera  give 
the  reaction,  and  some  normal  sera  do  as  well. 

E.  von  Dungern  still  more  recently  has  applied  the  complement  fixa- 
tion method,  using  as  his  antigen  the  tumor  extract  in  98  per  cent, 
alcohol,  which  is  therefore  a  lipoid  emulsion.  The  malignant  tumors 
give  the  most  marked  reaction,  but  benign  tumors  also  give  a  positive 
reaction,  though  less  markedly  so.  All  other  cases  so  far  examined 
give  a  negative  reaction.  In  some  cases  it  is  advisable  to  try  several 
antigens  if  the  test  is  not  positive  with  the  first  one. 

Salomon  and  Saxl,  from  Van  Noorden's  clinic  in  Vienna,  have 
reported  a  new  sulphur  body  in  the  urine  which  they  consider  nearly, 
although  not  quite,  specific  for  carcinoma.  This  body  is  split  off  by 
hydrogen  peroxide  and  is  demonstrated  as  a  precipitate  with  barium 
sulphate.  The  administration  of  antipyrine  and  creosote  interferes  with 
the  reaction. 

R.  Kraus,  Graff,  and  E.  Ranzi  have  recently  tested  out  these  different 
reactions  and  give  the  preference  to  the  meiostagmin  reaction,  althougli 
admitting  that  all  these  reactions  are  as  yet  far  from  being  entirely 
satisfactory. 

Von  Monakow  has  come  to  the  same  conclusion. 
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E.  E.  Pribram  finds  Salomon  and  Saxl's  sulphur  reaction  not  specific, 
but  positive  in  at  least  sixty  per  cent,  of  the  carcinoma  cases. 

The  Treatment  of  Increased  Intracranial  Pressure. — This  is  essen- 
tially an  operative  one.  There  are  no  medicinal  or  palliative  measures 
of  any  importance.  The  only  proceeding  of  any  value  which  does  not 
lie  strictly  in  the  province  of  the  surgeon  is  lumbar  puncture.  To  this 
measure  we  shall  refer  later.  The  choice  of  the  other  procedures  depend 
upon  the  character  and  location  of  the  lesion  causing  the  increase  in 
intracranial  pressure,  and  the  possibility  of  its  radical  removal.  We 
shall  simply  enumerate  here  the  operations  which  are  performed  for 
the  relief  of  increased  intracranial  pressure,  and  shall  leave  the  discussion 
of  their  technique  and  limitations  to  a  later  part  of  this  article. 

1.  The  Subtemporal  Decompression  of  Gushing. — (For  technique, 
see  page  724.)  This  operation  is  especially  valuable  in  cases  of  unlo- 
calized  growing  tumors,  especially  when  above  the  tentorium.  It  has 
also  been  recommended  together  with  brain  puncture  or  Payr's  drainage 
of  the  ventricles  for  internal  hydrocephalus.  The  advantage  of  this 
location  for  decompressive  trepanation  is  that  the  bulging  brain  is 
protected  by  the  temporal  muscle,  which  allows  it  gradually  to  expand 
without  forming  a  large  hernia,  and  prevents  the  development  of  blind- 
ness while  waiting  for  localizing  symptoms  to  appear.  The  decompres- 
sion is  usually  done  on  the  right  side  in  a  right-handed  person,  and  is 
therefore  over  a  silent  area,  save  that  occasionally,  if  the  prolapse  be 
large,  the  lower  Rolandic  area  may  be  involved  in  it.  If  done  on  the 
left  side,  it  would  involve  the  temporal  convolutions  with  consequent 
danger  of  the  production  of  aphasia.  It  is  possible  that  it  may  occasion- 
ally have  the  same  result  on  the  right  side,  in  right-handed  persons,  now 
that  we  know  that  occasional  centres  are  on  the  right  side  in  right- 
handed  persons,  as  has  been  shown  by  Kurt  Mendel  and  others. 

2.  Suboccipital  Decompression. — This  operation  is  chiefly  valuable  in 
cases  of  tumor  below  the  tentorium,  unlocalizable  but  growing.  Since 
the  space  below  the  tentorium  is  thereby  relatively  accessible  to  the 
surgeon,  it  is  usual  in  most  cases  to  do  a  thorough  exploration  at  the 
same  time,  and  only  in  case  this  examination  fails  to  reveal  the  tumor, 
or  in  case  it  shows  the  tumor  to  be  inoperable,  is  the  operation  turned 
into  a  decompression.  Puncture  of  the  fourth  ventricle  for  hydro- 
cephalus or  for  cysts  may  also  be  combined  with  this  operation.  The 
prolapse  in  such  cases  is  not  quite  so  well  protected  as  in  the  cases  of 
subtemporal  decompression;  but  still  the  nuchal  rnuscles  cover  it  fairly 
well  and  the  hair  soon  hides  the  bulging  from  view. 

'4.  Sellar  Decompression. — A.  E.  Ilalstead's  technique  for  opening 
the  sella  turcica  will  be  discussed  later  in  connection  with  the  other 
methods  of  its  approach.  Since  it  is  relatively  easy  with  the  a'-rays 
to  diagnosticate  those  cases  of  internal  hydrocephalus  accompanied  by 
marked  enlargement  of  the  third  ventricle  and  consequent  expansion 
of  the  sella  turcica,  Artluir  Schueller  has  recommended  the  operative 
performance  of  what  occurs  spontaneously  in  some  of  these  cases, 
the  puncture  of  the  third  ventricle  by  way  of  the  nose  and  sella  turcica, 
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and  the  formcation  of  a  permanent  fistula  into  tlie  nose  or  pharynx. 
He  recommends  a  simple  needle  puncture  by  Hirsch's  submucous, 
intranasal  route,  but  as  yet  has  had  no  cases  of  his  own.  One  of  the 
fatalities  in  Hirsch's  series  of  hypophysis  operation  was  the  result 
of  thrusting  a  knife  into  such  a  dilated  third  ventricle,  which  he  had 
wrongly  diagnosticated  as  tumor  of  the  hypophysis.  The  patient  died  in 
a  few  hours  from  the  loss  of  spinal  fluid  and  intracranial  hemorrhages, 
consequent  to  diminution  of  the  intracranial  pressure  following  this 
loss  of  fluid.  Had  Schueller's  method  of  needle  puncture  been  followed 
in  this  case,  not  only  might  the  patient  have  been  saved,  but  perhaps 
permanently  relieved  as  well.  Anton  has  condemned  this  procedure 
because  of  the  danger  of  septic  contamination  from  the  nose,  and  has 
preferred  his  "  Balkenstich"  to  it.  Until  this  operation  has  been  actually 
performed  in  a  number  of  cases  it  will  be  impossible  to  say  positively 
much  about  it.  On  a  theoretical  basis  it  has  much  in  its  favor,  namely: 

(a)  Simplicity — a  simple  needle  puncture  under  novocaine. 

(6)  Draining  the  ventricles  at  their  lowest  point,  and  when  there 
is  a  tendency  spontaneously  to  perforate. 

(c)  Probable  formation  of  a  permanent  fistula,  with  permanent 
relief  of  the  pressure. 

This  procedure  aside  from  lumbar  puncture  is  the  simplest  one  which 
has  been  proposed  for  the  relief  of  internal  hydrocephalus.  It  deserves 
to  be  tried  before  being  condemned  as  unclean.  Hirsch's  record  of 
twelve  hypophysectomies  by  this  route  without  an  infection  may  well 
lead  one  to  doubt  the  justification  of  Anton's  criticism  as  to  its 
uncleanliness. 

4.  Atypical  Decompression. — In  not  a  few  cases  an  operation  under- 
taken for  the  removal  of  a  localized  tumor  fails  to  reveal  a  tumor, 
and  the  operation  has  to  be  turned  into  a  decompression.  These  de- 
compressions, done  directly  over  the  tumor,  which  is  often  growing 
more  or  less  rapidly,  and  which  is  thereafter  covered  only  hy  galea  and 
skin,  are  those  which  are  most  likely  to  give  rise  to  prolapse  and  fungus 
cerebri.  If  the  tumor  be  rapidly  gro\^^ng,  this  tendency  to  the  produc- 
tion of  prolapse  may  be  somewhat  controlled  by  making  a  second 
decompression  at  one  of  the  submuscular  or  other  available  sites. 
The  various  other  precautions  to  prevent  the  occurrence  of  prolapse 
in  such  cases  will  be  discussed  later  (page  749). 

In  traumatic  cases  with  fracture  of  the  skull,  hematoma  formation 
or  laceration  of  the  brain  itself,  an  atypical  decompression  must  be 
done;  but  in  such  cases  there  is  rarely  any  danger  of  prolapse,  since  if 
the  hemorrhage  be  stopped  there  is  no  further  increase  in  the  intra- 
cranial pressure.  In  genuine  epilepsy  both  Kocher  and  Krause 
recommend  in  some  cases  a  simple  decompression  over  the  primary 
epileptic  centre,  if  known;  if  not,  then  at  one  of  the  submuscular  sites. 
In  these  cases,  as  a  rule,  there  is  no  danger  of  prolapse,  because  the 
intracranial  pressure,  if  at  all  increased,  is  only  slightly  so. 

5,  Puncture  of  the  Corpus  Callosum.— The  object  of  this  procedure 
is  to  make  a  connection  between  the  ventricles  of  the  brain  and  the 
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subdural  space,  so  that  in  case  of  internal  hydrocephalus  the  fluid 
may  find  its  way  into  the  latter  space.  Anton  recommends  this  pro- 
cedure not  only  in  congenital  hydrocephalus,  but  also  in  those  forms 
secondary  to  tumor,  and  having  choked  disk;  also  with  the  pseudo- 
tumor and  in  some  of  the  forms  of  epilepsy.  Its  advantages  are  cessa- 
tion of  the  headache,  improvement  of  the  vision,  and  retardation  of  the 
amaurosis.  It  also  has  the  advantage  of  eliminating  the  symptoms 
due  to  accompanying  hydrocephalus  and,  therefore,  aids  in  the  ultimate 
localization  of  the  tumor.  Permanent  drainage  of  the  ventricles  by 
this  method  is,  however,  only  possible  when  the  subarachnoid  space 
can  absorb  the  cerebrospinal  fluid;  and  this  is  not  always  the  case. 

6.  Brain  Puncture. — Brain  puncture  is  a  much  older  procedure  than 
the  foregoing,  having  been  done  at  intervals  since  the  middle  of  the 
last  century  for  the  relief  of  internal  hydrocephalus.  It  affords  only 
a  temporary  relief,  however,  of  the  intracranial  pressure,  and  must 
therefore  be  frequently  repeated  to  afford  relief.  In  this  respect  it 
is  therefore  inferior  to  the  methods  of  Anton  and  Schueller. 

7.  Permanent  Drainage  of  the  Lateral  Ventricle. — Nicholas  Senn  and 
later  Payr  and  others  conceived  the  idea  of  following  brain  puncture 
with  the  insertion  of  a  permanent  drainage-tube  through  the  opening. 
Instead  of  a  tube  of  rubber,  gold,  or  silver,  ox  arteries  have  been  used 
and  also  folded  suture  material,  catgut,  and  the  like.  Thus  the  estab- 
lishment of  permanent  drainage  between  the  ventricle  and  the  sub- 
arachnoid space  is  aimed  at.  The  results  so  far,  however,  have  not 
been  generally  satisfactory. 

8.  Spinal  Puncture. — The  use  of  lumbar  puncture  was  in  great  vogue 
among  internists  and  neurologists  for  the  relief  of  chronic  internal 
hydrocephalus  and  other  forms  of  increased  intracranial  pressure 
until  Gushing  pointed  out  the  danger — especially  when  the  cause  of 
the  increased  intracranial  pressure  lay  above  the  tentorium — of  causing 
hernia  of  the  medulla  into  the  foramen  magnum,  with  consequent 
paralysis  of  heart  and  respiration.  Gushing  was  thus  the  first  to  give 
a  logical  explanation  of  the  not  infrequent  occurrence  of  sudden  death 
following  this  procedure.  In  this  class  of  cases  lumbar  puncture  is 
now  no  longer  in  good  repute,  and  should  be  discarded  in  favor  of  one 
of  the  other  operative  methods. 

9.  Permanent  Drainage  of  the  Spinal  Subdural  Space.  —  (a)  Into  the 
subcutaneous  tissue  of  the  back. 

(b)  Into  the  peritoneal  cavity  by  perforation  of  the  body  of  a  vertebra 
after  laparotomy  (Gushing  and  McArthur). 

In  cases  of  chronic  internal  hydrocephalus  and  other  conditions  caus- 
ing increased  pressure  above  the  tentorium,  these  procedures  are  open 
to  the  same  objections  as  spinal  puncture.  These  spinal  procedures 
represent  a  more  extensive  and  serious  undertaking  than  the  intra- 
cranial operations,  and  do  not  attack  the  problem  so  directly  as  the 
latter.   They  are  mentioned  in  this  connection  only  to  condemn  them. 

Of  all  these  procedures,  at  present  available  for  the  relief  of  increased 
intracranial  pressure,  the  most  generally  available  is  the  decompression 
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flap  operation.  The  simpler  operations  for  the  relief  of  internal  hydro- 
cephalus are  still  in  too  experimental  a  stage  to  j)ermit  of  a  definite 
opinion  as  to  their  efficiency  being  formed.  The  methods  of  Schueller, 
Anton,  and  the  permanent  drainage  of  the  lateral  ventricle  by  tube 
or  wick  seem  to  present  the  most  promising  outlook. 


OPERATIVE  PROCEDURES  FOR  SPECIAL  INDICATIONS  IN 

TUMOR  CEREBRI 

The  general  technique  of  exploration  and  decompression  for  cerebral 
tumor  has  been  already  described.  It  remains  now  to  speak  of  (a) 
subtemporal  decompression  (11.  Gushing)  for  unlocalizable  or  inoperable 
tumors  above  the  tentorium;  (b)  suboccipital  decompression,  usually 
bilateral,  less  often  unilateral,  for  exploration  and  decompression  in 
the  case  of  disease  located  below  the  tentorium;  and  (c)  special  pro- 
cedures practised  in  the  removal  of  certain  tumors. 

The  tumors  are  (1)  cysts,  (2)  tubercles,  (3)  vascular  tumors,  (4) 
cortical  and  subcortical  tumors,  (5)  encapsulated  tumors,  and  yiS)  hypo- 
physial tumors. 

It  also  remains  to  give  briefly  the  technique  of  (a)  hemostasis,  (6) 
obliteration  of  the  resulting  cavity  after  tumor  excision,  (c)  exploratory 
incision  of  the  cortex,  {d)  the  two-stage  operation,  and  (e)  the  preven- 
tion of  shock  and  collapse. 

(a)  Subtemporal  Decompression.  —  Subtemporal  decompression, 
done  that  the  temporal  muscle  may  reinforce  the  skin  and  galea  in 
restraining  postoperative  prolapsus  cerebri  after  decompressive  pro- 
cedures, thereby  avoiding  a  fungus,  with  consequent  dangers  of  septic 
infection  of  the  brain  and  meninges.  In  our  clinic  a  semicircular  in- 
cision is  made  parallel  to  and  one  centimeter  below  the  origin  of  the 
temporal  muscle.  Anteriorly,  it  reaches  not  quite  to  the  hair  border 
and,  posteriorly,  it  runs  somewhat  lower,  behind  the  pinna  of  the  ear. 
Skin  and  superficial  fascia  are  stripped  downward  toward  the  base  of 
the  flap,  leaving  the  temporal  muscle  and  fascia  exposed.  These  are 
now  separated  bluntly  in  the  direction  of  their  fibers  down  to  the  peri- 
osteum. The  two  edges  of  the  muscle  are  also  separated  to  a.maximum 
extent  by  blunt  retractors.  The  periosteum  is  then  incised  and  pushed 
back  with  an  elevator  on  both  sides  as  far  as  possible.  Then  the  cranial 
cavity  is  opened  in  the  usual  way,  except  that  the  bone  is  bitten  away 
with  the  Macewen  forceps  over  the  entire  area  of  the  decompression. 
A  dural  flap  is  made  with  the  base  upward,  opposite  the  base  of  the 
skin  flap.  The  decompression  is  thereby  completed  and  it  remains 
to  close  the  wound.  Catgut  sutures  unite  the  edges  of  the  temporal 
muscle  and  fascia.  The  skin  is  sutured  with  silkworm  gut.  The  usual 
dressing  is  then  applied  and  the  after-treatment  is  the  same  as  for  the 
decompressive  measures  previously  mentioned. 

We  have  had  very  good  results  with  the  Cushing  techni(iue  in  so 
far  as  the  prevention  of  prolapse  is  concerned.    Occasionally  it  has 
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not  been  possible  to  approximate  the  muscle  edges  closely,  owing  to 
the  bulging  of  the  brain.  In  this  case  we  close  the  opening  in  the  muscle 
as  well  as  possible  below  and  trust  to  dural  flap  and  skin  sutures  to 
control  prolapse  at  the  upper  end  of  the  opening. 


Fig.  74 


The  subtemporal,  submuscular,  decompression  operation  of  Gushing,  showing  method  of  separating 
the  temporal  muscle  and  of  biting  the  bone  away  with  forceps.    The  dura  has  been  opened. 

Fig.  75 


Subtemporal  decompression  with  bulging  hernia. 
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The  chief  fault  we  have  to  find  with  Cushing's  method  is  that  the 
area  is  not  ahvays  a  silent  one.  Paresis  of  the  face  and  arm  centre 
at  the  lower  end  of  the  Ilolandic  area  is  not  rare,  and  we  have  seen  one 
case  in  which  the  leg  centre  was  involved  ni  the  resulting  prolapse. 

Gushing  himself  now  uses  a  straight  vertical  incision  in  place  of  the 
flap,  but  we  still  prefer  the  older  method. 

(b)  Suboccipital  Decompression.  —  Suboccipital  decompression  is 
a  very  useful  procedure  for  tumors  below  the  tentorium  and  much 
preferable  in  these  cases  to  decompression  over  the  hemispheres,  as 
recommended  for  this  class  of  tumors,  as  well  as  for  the  supratentorial 
tumors,  by  Horsley. 

The  important  feature  of  Cushing's  operation  is  that  the  cerebellum 
is  exposed  on  both  sides  at  once,  so  that  the  entire  posterior  surface  lies 
free  to  the  view;  the  whole  organ  can  be  dislocated  in  any  direction, 
and  especially  laterally,  so  that  its  other  surfaces  can  be  explored,  as 
well  as  the  adjacent  basal  ganglia,  nerves,  bone,  dura  and  tentorium. 
The  tentorium  may  also  be  incised  through  this  opening  and  the  over- 
lying occipital  lobes  exposed. 

Cerebellar  tumors  and  cysts  and  acoustic  and  cerebellopontine 
angle  tumors  are  well  seen  and  attacked  by  this  method. 

The  operation  has  the  additional  advantage  that  the  bone  need  not 
be  preserved,  the  thick  nuchal  fascia  and  muscles  serving  as  thoroughly 
adequate  protection  to  the  cerebellum  against  postoperative  prolapse 
and  trauma.  It  is  easy  to  preserve  the  periosteum  here  and,  eventually, 
there  may  develop  some  new  bone,  though  not  often. 

Technique. — The  tourniquet  cannot  be  applied  to  this,  locality,  so 
that  other  measures  for  hemostasis  must  be  relied  upon,  chief  among 
which  are  rapid  operating,  pressure  on  the  flaps  by  an  assistant  and 
prompt  catching  and  twisting,  or  ligating  of  bleeding  points. 

Incision  for  Suboccipital  Decompression. — We  use  the  curved  incision 
of  Cushing  in  preference  to  that  of  Krause,  but  find  his  additional  in- 
cision in  the  median  line  rarely  necessary.  A  horizontal  cut  is  made 
through  the  skin  and  galea  at  the  level  of  the  external  occipital  pro- 
tuberance by  Cushing,  and  this  incision  is  continued  two  and  one-half 
to  three  inches  on  one  side  of  the  middle  line.  When  the  cross-bow 
incision  is  employed  a  cut  is  made  in  the  middle  line  through  skin, 
nuchal  muscles,  and  fascia  down  to  the  level  of  the  second  or  third 
spinous  process. 

Hemorrhage  at  this  stage  is  free  and  is  best  controlled  by  rapidly 
pushing  the  flaps  up  from  the  bone,  turning  them  back,  and  having 
an  assistant  exert  pressure  on  them.  The  assistant  may  also  catch 
the  chief  bleeders  with  Kocher's  forceps  while  he  is  exerting  pressure 
on  the  flaps. 

A  trephine  opening  in  the  occipital  plate  is  then  made  and  the  De 
Vilbiss  forceps  used  to  enlarge  it,  and  ultimately  the  rongeur  forceps 
also,  since  there  is  no  particular  object  in  preserving  the  bone  in  this 
well-protected  locality. 

Particular  care  must  be  taken  to  avoid  wounding  the  venous  sinuses 
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or,  when  it  becomes  necessary  to  cut  through  them,  to  Hgate  them  in 
advance. 

The  occipital  sinus  is  usually  impossible  to  preserve,  but  the  trans- 
verse sinuses  must  be  spared,  at  least  on  one  side.  The  sinuses  are 
best  protected  by  separating  the  dura  from  the  bone  with  a  Braatz 
or  similar  probe,  well  in  advance  of  the  rongeur  forceps. 

When  the  bone  has  been  removed  the  whole  posterior  surface  of  the 
cerebellum  lies  exposed  to  view  and  may  be  easily  dislocated  in  any 
direction  to  assist  exploratory  and  operative  procedures. 


Fig.  76 


Method  of  ligating  the  occipital  sinus  and  the  overlying  strip  of  dura,  when  it  is  necessary  to  carry 

the  dural  incision  across  the  midline. 

Closure  is  as  previously  described  for  any  decompressive  operation. 

Acusticus  tumors  are  best  attacked  bv  this  method,  the  dislocation 
of  the  cerebellum  to  one  side  allowing  of  a  very  free  exposure  of  the 
cerebellopontine  angle  and  permitting  of  total  extirpation  of  tumors, 
parts  of  which  might  easily  have  been  left  behind  in  the  old  unilateral 
procedure,  to  say  nothing  of  the  much  diminished  danger  of  trauma 
to  the  cerebellum  and  danger  of  shock,  collapse,  and  respiratory  failure 
from  pressure  on  the  medulla.  It  is  also  much  less  frequently  necessary 
to  sacrifice  part  of  the  cerebellum  in  order  to  enlarge  the  field,  as  was 
the  case  in  the  older  operations. 

(c)  Special  Procedures  in  the  Removal  of  Cerebral  Tumors. — Certain 
varieties  of  tumors  require  special  methods  of  attack. 

1 .  Cysts. — Cysts  unless  they  lie  in  the  cortex  are  usually  located  by 
exploratory  puncture  or  exploratory  incision  of  the  cortex.  After  they 
have  been  located  by  the  needle  mere  aspiration  is,  however,  usually 
not  sufficient  for  a  cure.    If  left  to  themselves  they  are  very  apt  to 
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refill  and  cause  a  recurrence  of  the  symptoms.  Therefore,  every  cyst 
should  be  well  opened  up  and  packed  or  drained,  so  that  it  will  have  an 
oi)portunity  to  become  obliterated. 

If  there  be  present  a  well-marked  cyst  W".ii,  it  should,  as  a  rule, 
be  excised,  if  possible,  or  at  least  curetted.  Enucleation  is  imperative 
in  the  case  of  parasitic  cysts. 

The  entire  wall  of  the  cyst  should  be  carefully  explored  before  the 
packing  is  inserted,  so  that  any  tumor  nodes  will  not  be  overlooked. 
Certain  tumors,  e.  g.,  glioma  and  sarcoma,  are  very  apt  to  undergo 
cystic  degeneration,  which  may  reach  such  a  high  grade  that  the  tumor 
itself  is  entirely  overlooked,  so  greatly  does  the  cyst  development 
dominate  the  picture. 

In  the  case  of  parasitic  cysts  the  subdural  space  should  be  well 
walled  off  with  iodoform  gauze,  as  in  the  case  of  abscess  drainage, 
and  the  wound  and  cyst  cavity  should  then  be  irrigated  with  some  anti- 
septic solution,  e.  g.,  bichloride,  1  to  2000,  before  the  wound  is  closed. 
Macewen  uses  1  per  cent,  carbolic  acid  and  also  powdered  iodoform. 


Fig.  77 


Serous  cyst  of  the  cerebellum,  near  the  cerebellopontine  angle.    (Author's  case. 

Recovery.) 

2.  Tuberculoma. — Tuberculoma  should  be  treated,  as  a  rule,  as  a 
tumor.  When  possible,  the  whole  mass  should  be  dissected  out  into 
normal  tissue  and  the  wound  washed  out  with  an  antiseptic,  e.  g., 
carbolic  acid,  0.5  per  cent.,  before  closing  it. 

If  this  procedure  is  not  practicable,  owing  to  size  or  location  of  the 
tumor,  or  the  condition  of  the  patient,  the  mass  may  be  scraped  out 
with  a  sharp  spoon,  irrigated  with  a  carbolic  solution,  packed  with 


OPERATIVE  PROCEDURES  IN  TUMOR  CEREBRI 


729 


iodoform  gauze,  and  allowed  to  close  by  granulation.  It  is,  of  course, 
just  as  necessary  to  pack  oil'  the  subdural  space  in  such  a  case  as  for 
abscess  or  parasitic  cysts. 

One  unfortunate  characteristic  about  tuberculomata  is  the  frequency 
of  their  multiple  occurrence.  It  is  the  rule  rather  than  the  exception 
after  the  successful  removal  of  a  conglomerate  tubercle  to  have  the 
patient  die  relatively  soon  afterward,  either  from  generalized  tubercles 
of  the  brain,  or  from  tuberculosis  elsewhere  in  the  body,  especially 
in  the  lungs.  For  these  reasons  some  of  the  operators  have  gone  so 
far  as  to  say  that  operation  is  not  indicated  in  the  case  of  tubercle, 
even  though  localizable.  This  position  is  illogical,  in  view  of  the  by  no 
means  infrequent  cases  of  long-standing  cure ;  for  we  know  that  without 
operation  these  patients  are  surely  lost. 

3.  Syphiloma.— Syphiloma,  when  producing  focal  symptoms  and  not 
yielding  promptly  to  specific  treatment,  should  be  attacked  like  tuber- 
culoma and  excised.  Horsley  irrigates  the  site  of  the  excision  and  also 
the  meninges  with  bichloride  of  mercury,  1  to  1000.  Thus  far  he  has  not 
seen  any  subsequent  toxic  effects  from  its  use.  Drainage  afterward 
is  scarcely  necessary,  as  it  is  with  tuberculoma,  but  specific  treatment 
should  be  continued  during  convalescence  and  until  all  the  symptoms, 
including  a  positive  Wassermann  reaction,  have  disappeared.  In  these 
cases,  both  before  and  after  operation,  we  still  continue  to  give  mercury 
rubs  combined  with  potassium  iodide  internally,  and  in  addition  give 
a  salvarsan  injection  of  five-tenths  or  six-tenths  decigrams,  according 
to  the  weight  and  condition  of  the  patient,  as  soon  as  the  diagnosis 
has  been  made  positively.  The  intramuscular  injection  of  a  slightly 
alkaline  solution  is  employed,  because  it  seems  safer  than  the  intravenous 
injection,  and  thus  far  has  shown  no  ill-effects.  It  is  to  be  hoped  that 
Ehrlich's  new  netitral  preparation  of  salvarsan,  the  so-called  neo- 
salvarsan,  will  be  still  more  favorable  for  this  intramuscular  method. 
That  it  is  a  therapia  magna  sterilisans  we  no  longer  believe  and  there- 
fore repeat  the  dosage  from  time  to  time  when  the  patient's  condition 
demands  it. 

Temporary  decompression  for  unlocalimhle  gummata  which  fail  to 
respond  promptly  to  specific  treatment  is  sometimes  of  great  value 
in  preserving  the  sight  when  amaurosis  is  threatening  in  consequence 
of  choked  disk  or  optic  neuritis.  Gushing  first  called  attention  to  this 
fact  in  1909  and  since  that  time  it  has  received  ample  justification  at 
the  hands  of  other  clinicians.  Horsley's  irrigation  of  the  meninges  with 
a  mercury  salt  might  also  well  be  tried  at  the  same  time.  The  value 
of  the  decompression  is  probably  chiefly  in  eliminating  the  pressure 
on  the  optic  nerves  due  to  secondary  hydrocephalus,  and  it  is  therefore 
possible  that  one  of  the  other  puncture  procedures  for  hj'drocephalus 
might  be  as  efficient  as  the  more  severe  procedure  of  trephining.  In 
this  connection  we  may  mention  the  observations  of  Koellner,  that 
scotomata  for  blue  or  violet  are  very  frequent  in  cases  of  syphilitic 
neuritis  (in  GO  per  cent.),  and  also  occur  very  early  in  the  course  of 
the  affection.  Such  scotomata  should  always  be  searched  for,  and  when 
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found,  should  indicate  the  use  of  vigorous  antisyphihtic  therapy  in 
the  absence  of  contraindications. 

Krause's  Fixation  Method.— In  connection  with  the  technical  details 
of  tumor  removal  should  be  mentioned  Krause's  method  of  fixing  them 
by  means  of  suction  before  attempting  to  dislodge  them.  This  he  does 
with  a  hollow  glass  tube,  which  he  connects  to  a  suction  apparatus 
by  means  of  rubber  tubing.  The  glass  tube  is  applied  to  the  surface 
of  the  tumor  to  be  grasped.  The  tumor  is  then  sucked  partly  up  into 
the  tube  and  held  there  by  the  force  of  suction  while  it  is  being  freed 
from  its  connection  with  the  surrounding  brain  tissues.  The  object 
of  the  suction  is  merely  to  grasp  the  tumor  for  the  purpose  of  assisting 
in  its  removal,  and  not  to  draw  it  out  of  the  brain  by  the  force  of  suc- 
tion alone,  as  some  writers  wrongly  have  understood.  This  technique 
has  the  advantage  over  grasping  the  tumor  with  fingers  or  forceps  in 
that  it  does  not  macerate  the  tumor,  and  produce  hemorrhage,  and  that 
it  greatly  aids  in  drawing  the  tumor  outside  the  brain  cavity  so  that  its 
base  can  be  more  easily  reached.  Only  very  soft  sarcomata  are  likely 
to  tear  by  this  method,  and  they  break  up  with  any  kind  of  handling. 
This  technique  is  applicable  to  almost  any  brain  tumor,  but  is  especially 
valuable  with  those  which  lie  loosely  imbedded,  such  as  acusticus  and 
hypophysis  tumors,  and  other  deep-lying  ones.  When  used  for  acus- 
ticus tumors  or  others  in  the  posterior  fossa,  care  must  be  taken  not 
to  make  the  suction  so  strong  as  to  draw  the  pons  or  medulla  into 
the  tube.  To  avoid  this  calamity,  and  in  order  to  permit  of  prompt 
cessation  of  the  suction,  the  tube  is  provided  with  a  small  hole  over 
which  the  finger  is  kept  as  long  as  suction  is  desired.  As  soon  as  the 
finger  is  removed  the  airrushes  in  and  the  suction  at  once  ceases.  This 
method  appears  to  me  to  represent  a  distinct  advance  in  the  handling 
of  intracranial  tumors,  especially  those  of  the  cerebellopontine  angle 
and  hypophysis. 


THE  OPERATIVE  TREATMENT  OF  EPILEPSY 

From  the  surgical  standpoint,  epileptics  may  be  divided  into  two 
fairly  distinct  classes:  (A)  those  who  present  focal  brain  symptoms, 
and  (B)  those  who  do  not. 

A.  In  the  first  class  are  included  those  cases  of  (1)  pure  Jacksonian 
epilepsy  in  which  the  recurring  attacks  of  epilepsy  always  or  nearly 
always  begin  in  the  same  location  in  the  body,  on  one  side  of  the  face, 
in  the  arm  or  leg,  hand  or  foot,  the  patient  otherwise  showing  no  focal 
symptoms,  and  (2)  cases  of  epilepsy  of  either  the  Jacksonian  or  the 
idiopathic  type,  which  also  present  focal  brain  symptoms  (symptomatic 
epilepsy).  Both  these  classes  of  cases  require  intracranial  operations 
for  their  radical  relief  and  offer  a  fair  chance  of  a  favorable  result. 

B.  "Idiopathic"  epilepsy.  This  class  of  cases  is  constantly  becom- 
ing more  and  more  restricted  as  the  development  of  neurological 
diagnosis  enables  us  to  pick  out  new  organic  groups.    The  cases  in 
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which  we  are  unable  to  make  any  pathologico-anatomical  diagnosis 
intra  iritam  still  constitute,  unfortunately,  the  major  bulk  of  the  cases 
of  epilepsy,  and  although  in  some  cases  operative  procedures  on  the 
brain  have  been  followed  by  permanent  cures,  and  somewhat  oftener, 
by  longer  or  shorter  remissions,  the  operative  outlook  is  relatively 
poor. 

Pure  Jacksonian  Epilepsy. — The  first  sine  qua  non  for  operation  is 
the  establishment  of  the  Jacksonian  character  of  the  epilepsy.  The 
statements  of  the  relatives  upon  this  point  should  not  be  relied  on 
entirely;  but  the  diagnosis  should  be  based  upon  medical  observation. 
For  this  purpose  a  hospital  stay  is  usually  necessary.  In  case  the 
attacks  are  occurring  frequently  there  will  be  plenty  of  chance  for  suffi- 
cient observation.  In  case  the  attacks  occur  only  at  rare  intervals, 
there  is  always  plenty  of  time  for  observation,  because  there  is  then  no 
need  to  hurry  the  operation. 

The  Site  of  the  Operation. — Since  in  the  present  state  of  our  knowledge 
we  must  consider  all  epilepsy  as  cortical  in  origin,  we  will  perform  our 
trepanation,  in  such  cases  as  show  well-marked  Jacksonian  symptoms, 
over  that  part  of  the  Rolandic  area  which  is  indicated  by  the  character 
of  the  attacks.  Other  local  guides  which  may  be  present  we  shall 
regard  as  of  secondary  importance,  such  as  old  irregularities  of  the 
skull,  history  of  local  trauma,  and  so  forth. 

The  Operation. — After  making  the  usual  Wagner  flap  over  that  part 
of  the  Rolandic  area  to  which  our  symptoms  point,  and  raising  the 
dural  flap,  it  remains  to  explore  the  surface  of  the  brain  for  pathological 
changes.  These  changes,  if  found  at  all,  are  usually  seen  lying  super- 
ficially, such  as  old  scars,  thickening  of  the  pia,  plaques  jaunes,  remnants 
of  hemorrhages,  cysts,  scleroses  (usually  after  encephalitis),  tumors, 
and  the  like.  If  such  gross  changes  are  found,  they  should  be  removed 
by  excision,  and  the  skull  closed  without  drainage,  save  in  the  presence 
of  pus  or  tuberculoma.  In  case  no  gross  change  is  found  at  once, 
the  brain,  in  addition  to  being  inspected,  should  also  be  palpated  care- 
fully, and  a  needle  plunged  into  any  suspicious  areas.  In  this  way 
cysts  and  tumors  may  be  found  occasionally,  which  would  otherwise 
escape  observation.  The  occurrence  of  abnormall}^  dilated  vessels 
should  be  looked  for  as  a  guide  to  the  location  of  pathological  changes. 
In  case,  even  under  these  circumstances,  no  pathological  lesion  be  found, 
recourse  should  be  had  to  faradic  localization.  The  use  of  unipolar 
technique,  with  a  galvanic  cell  and  a  coil,  is  recommended,  because 
it  permits  of  more  accurate  localization.  The  faradic  method  is  em- 
ployed because  it  is  safer  than  the  galvanic.  It  is  not  necessary  to 
strip  the  brain  of  the  pia  before  using  the  current.  The  damage  done 
to  the  cortex  by  this  stripping  more  than  offsets  in  value  the  readier 
reaction  to  stimulation  which  is  the  result  of  the  stripping.  The  surface 
of  the  brain,  is  dried,  if  wet,  and  multiple  punctures  are  made  in  the 
arachnoid,  if  it  be  erlematous.  One  area  after  the  other  is  tested,  using 
a  very  weak  current  at  first  and  slowly  increasing  its  strength  until 
the  reaction  is  produced.    In  order  not  to  overlook  the  local  twitching 
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reactions,  it  is  necessary  to  have  at  least  three  observers:  one  for  the 
face,  one  for  the  arm,  and  one  for  the  leg.  Great  care  must  be  taken 
not  to  use  too  strong  a  current,  because  of  the  always  present  danger 
of  inducing  an  epileptic  attack.  When  the  primary  epileptic  focus  has 
been  discovered  it  should  again  be  carefully  examined,  explored  with 
the  needle,  and  if  any  gross  change  be  found  it  should  then  be  excised; 
the  vessels  leading  to  it  being  ligated  in  the  same  way  as  in  case  of 
the  excision  of  superficial  tumors.  As  a  check  on  the  operation,  the 
excised  piece  should  always  be  examined,  microscopically,  by  a  competent 
pathologist.  Krause  has  demonstrated  that  many  of  these  cases  show 
marked  gliosis,  microscopically,  when  they  show  no  gross  changes.  The 
dura  should  then  be  sewed  up  and  the  osteoplastic  flap  replaced.  The 
after-treatment  is  not  different  from  that  after  any  other  intracranial 
operation. 

It  is  almost  needless  to  add  that  the  prognosis  given  to  the  relatives 
in  all  these  cases  should  be  very  guarded.  In  many  cases,  and  more 
especially  when  there  is  a  gross  lesion  present,  which  it  is  possible  to 
remove,  there  is  a  temporary  improvement  and  sometimes  a  complete 
and  permanent  cure.  Unfortunately,  in  some  cases,  especially  those 
in  which  no  gross  pathological  change  is  found,  the  patient's  condition 
after  the  operation  returns  to  what  it  was  before. 

Symptomatic  Epilepsy. — What  we  have  said  above  applies  in  the 
main  also  to  the  treatment  of  symptomatic  epilepsy.  However,  in  a 
pure  Jacksonian  epilepsy  we  always  trephine  over  that  part  of  the 
Rolandic  area  indicated  by  the  character  of  the  attacks,  we  may 
trephine  here  primarily  over  some  other  area  in  case  the  symptoms 
point  strongly  enough  toward  it.  If  we  trephine  elsewhere  than  over 
the  Rolandic  area,  the  use  of  faradic  stimulation  is,  as  a  rule,  dispensed 
with.   Its  use  is  purely  experimental  under  these  conditions. 

Epilepsy  foUowing  Trauma. — Epilepsy  following  trauma,  especially 
skull  fracture,  is  often  the  result  of  the  pressure  of  a  hematoma  or  a 
cicatrix  following  its  organization,  or  of  a  splinter  of  bone.  Such  cases 
should  always  have  a  careful  .-r-ray  picture  taken  directly  after  the 
accident,  and  unless  all  the  symptoms  caused  by  the  accident  promptly 
disappear,  the  exploratory  operation  should  be  performed.  The  evil 
results  of  waiting  until  the  hematoma  has  become  organized  into  a 
cicatrix  and  the  epilepsy  become  well  established  is  too  well  known  to 
require  special  elaboration. 

Genuine  Epilepsy. — Under  what  circumstances  is  an  operative 
procedure  justified  in  cases  of  genuine  epilepsy?  We  are  forced  to  admit 
that  the  operative  prospects  in  such  cases  have  made  no  material 
improvement  in  recent  years.  Kocher  and  Krause  do  a  simple  decom- 
pression in  such  cases  when  they  can  secure  consent,  the  procedure  being 
based  on  the  observation  that  many  patients  with  epilepsy  have  an 
increased  intracranial  pressure  at  the  time  of  the  attacks.  Their  experi- 
ence has  not  been  gratifying.  Krause  justifies  the  operation  on  the  basis 
that  he  has  seen  many  "improvements"  following  it.  But  we  still 
look  ^askance  with  von  Bergmann  at  so-called  operative  "  improve- 
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merits,"  and  prefer  to  count  as  successes  only  those  cases  which  are 
definitely  and  permanently  relieved.  The  rareness  of  such  cases  is 
admitted  by  all  operators.  In  the  cases  in  which  there  is  a  difl'use 
sclerosis  of  the  cortex  (Chaslin's  gliosis)  there  is  no  prospect  of  any 
success  at  all,  and  we  can  never  tell,  certainly,  that  we  have  not 
such  a  case  before  us.  The  presence  of  dementia,  or  of  a  distinctly 
demonstrable  mental  deterioration,  is  therefore  particular!}^  suggestive 
and  practically  always  precludes  the  possibility  of  complete  operative 
success. 

Reflex  Epilepsy. — Since  we  have  come  to  regard  epilepsy  as*  an  ex- 
pression of  pathological  activity  on  the  part  of  the  cerebral  cortex, 
there  has  been  a  marked  tendency  to  drop  the  conception  of  a  reflex 
epilepsy  of  peripheral  origin.  Excision  of  scars  of  the  soft  parts  and 
peripheral  amputations,  much  done  by  Dieffenbach  and  his  school, 
have  now  passed  out  of  mode.  When  the  epileptic  attack  begins 
with  an  aura  located  in  such  a  lesion,  we  might  still  conceivably  do 
such  an  operation  in  the  hope  of  thereby  influencing  the  attacks.  Such 
peripheral  sources  of  irritation  as  phimosis,  hemorrhoids,  projecting 
nasal  spurs,  hypertrophied  tonsils  and  turbinates,  ingrowing  toe  nails, 
and  the  like,  should  be  removed  in  the  epileptic,  as  in  the  non-epileptic. 
In  some  cases  there  has  been  noticed  a  remission  or  cessation  of  the 
attacks  after  such  minor  operations.  Krause  reports  a  case  of  epilepsy 
combined  with  trigeminal  neuralgia  of  all  three  branches,  which  dis- 
appeared after  the  resection  of  the  Gasserian  ganglion.  To  regard 
every  peripheral  scar  or  even  those  adherent  to  bone  or  nerve  as  capable 
of  setting  loose  epileptic  attacks  is  driving  the  conception  of  reflex 
epilepsy  to  an  absurdity.  All  cases  of  epilepsy  should  be  subjected  to 
a  course  of  internal  treatment  before  coming  to  operation.  A  not  too 
prolonged  course  is  advisable,  even  in  the  cases  in  which  the  epilepsy  is 
only  one  symptom  of  a  focal  lesion  of  the  brain.  By  such  a  preliminarj- 
course  of  treatment  the  occasional  cases  of  postoperative  exacerbation 
of  the  epilepsy  may  be  made  rarer. 

TRAUMATIC  LESIONS  OF  THE  SKULL  AND  BRAIN 

Since  this  article  deals  primarily  with  neurological  surgery,  we  do 
not  feel  justified  in  going  into  the  subject  of  traumatic  lesions  to  any 
considerable  extent.  This  is  chiefly  emergency  surgery  and  belongs 
to  the  general  as  well  as  to  the  special  surgeon.  It  is  well  handled  in 
the  text-books  on  general  and  emergency  surgery.  To  von  Bergmann's 
masterly  article  in  the  first  volume  of  his  work  with  von  Bruns,  and  to 
the  article  in  Lejar's  Emergency  Operations,  I  will  refer  the  surgeon 
who  is  particularly  interested  in  these  cases. 

We  operate  immediately  in  all  cases  fracture  of  the  vault,  or  sus- 
pected fracture,  which  show  local  or  generalized  symptoms  of  pressure 
on  the  brain.  We  consider  this  practice  much  superior  to  the  expectant 
treatment,  not  only  as  to  immediate,  but  also  as  to  ultimate  results. 

While  the  operative  treatment  of  fractures  of  the  vault  has  long 
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been  on  a  fairly  satisfactory  surgical  basis,  we  still  remain  relatively 
helpless  before  those  on  the  base,  because  of  the  relative  inaccessibility 
of  this  region,  and  the  difficulties  of  accurate  localization  of  the  asso- 
ciated lesions  of  the  brain. 

The  subject  of  basal  fracture  has  of  late  attracted  a  good  deal  of 
attention.  Quenu  puts  his  faith  in  lumbar  puncture.  One  of  his 
students  (Muret)  reports  20  cases,  in  17  of  which  the  patient  recov- 
ered in  very  short  order  following  this  treatment.  According  to 
INIuret,  the  diagnosis  as  well  as  the  treatment  by  spinal  puncture 
leaves  almost  nothing  to  be  desired  in  the  way  of  favorable  results. 
E.  Vincent,  of  Algiers,  recommends  trepanation  in  all  cases.  It  should 
be  done  as  near  as  possible  to  the  base,  the  dura  opened,  and  the 
subarachnoidal  space  drained  of  blood  and  liquor,  and  the  drainage 
continued  for  twelve  to  fifteen  days.  Since  these  basal  fractures 
practically  always  communicate  with  non-sterile  cavities,  Vincent 
thinks  that  he  will  avoid  infection  by  removing  the  bacterial  pabulum. 
He  reports  two  cases,  one  successful  and  one  ending  in  encephalitis 
two  months  after  the  operation,  as  the  result  of  "neglect  in  keeping 
up  adequate  drainage."  In  already  infected  cases  he  recommends 
the  trepanation  and  drainage  of  the  meninges  according  to  Auvray, 
but  admits  that  there  does  not  seem  to  be  much  prospect  of  success 
in  such  cases.  Sir  Victor  Horsley  recommends  temporal  craniectomy 
to  the  same  end.  Gushing  recommends  early  decompression  by  trepana- 
tion. H.  Luxembourg  reports  five  cases  from  Bardenheuer's  clinic  in 
Cologne.  These  were  all  treated  by  making  a  large  osteoplastic  flap 
in  the  parietal  region  and  clearing  out  the  intra-  and  extradural  clots. 
The  results  were  good.  Payr  has  recently  discussed  the  whole  subject 
of  skull  fractures  at  some  length.  For  the  basal  fractures  he  recommends 
Cushing's  subtemporal  decompression. 

Our  personal  experience  has  been  against  intracranial  operations  in 
the  majority  of  these  cases  of  fracture  of  the  base.  The  cases  with,  the 
outcome  of  w^hich  we  have  been  most  pleased  have  been,  with  few 
exceptions,  those  in  which  we  carried  out  only  conservative  and  pal- 
liative treatment,  absolute  rest,  with  head  high,  urotropin  freely, 
plugging  the  ears  with  sterile  cotton,  rectal  feeding  for  the  first  few 
days,  in  the  cases  where  the  fracture  has  perforated  into  the  mouth 
or  pharynx.  In  the  cases  with  continued  bleeding  and  rapid  increase 
of  intracranial  pressure  the  only  rational  treatment,  we  believe,  is  the 
operation  where  the  skull  is  opened  and  the  bleeding  vessel  sought  and 
treated  according  to  well-known  surgical  principles.  It  goes  without 
saying  that  after  the  arrest  of  the  hemorrhage,  blood-clots  and  crushed 
brain  tissue  should  be  removed  and  adequate  drainage  provided.  In 
dealing  with  intracranial  hemorrhages  it  must  not  be  overlooked  that 
an  injured  venous  sinus  may  be  the  source  of  a  hemorrhage  that  cannot 
be  diflFerentiated  clinically  from  hemorrhage  from  the  middle  meningeal. 
For  this  reason  we  do  not  approve  of  the  procedure  of  ligation  of  the 
carotid  or  its  branches  outside  of  the  skull  for  the  treatment  of  intra- 
cranial traumatic  hemorrhages. 
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In  three  cases  in  which  the  diagnosis  of  middle  meningeal  hemor- 
rhage was  made  by  a  neurologist,  we  found  at  the  operation,  in  one, 
an  injury  to  the  jugular  bulb;  in  two  others  an  injury  to  the  lateral 
sinus  just  distal  to  the  sigmoid  bend.  In  none  of  these  did  there 
exist  any  Concomitant  lesion  of  the  meningeal,  although  a  history  of 
"a  lucid  interval"  was  distinct  and  formed  a  part  of  the  classical  picture 
of  a  ruptured  middle  meningeal  artery. 

Another  reason  for  advocating  cranial  exploration  in  all  cases  of 
suspected  hemorrhage  is  that  in  extracranial  operations  we  cannot 
remove  the  clots,  nor  can  we  form  any  estimate  as  to  the  amount  of 
damage  done  to  the  brain.  In  fully  50  per  cent,  of  the  cases  of  middle 
meningeal  hemorrhage  operated  upon,  the  hemorrhage  has  ceased  when 
the  surgeon  operates.  The  operation  then  has,  for  its  main  purpose,  the 
relief  of  pressure  by  removal  of  the  clots  and  secondarily  to  provide 
against  renewed  hemorrhage.  In  these  cases  ligation  of  the  carotid 
only  increases  the  danger  to  the  patient.  In  this  connection  it  may  be 
mentioned  that  brain  symptoms  due  to  anemia  follow  in  25  per  cent, 
of  all  ligations  of  the  carotid,  and  that  death  directly  results  in  10  per 
cent. 

TECHNIQUE  OF  OPERATIONS  ON  THE  HYPOPHYSIS  CEREBRI 

The  operative  technique  dealing  with  tumors  of  the  hjq^ophysis 
has  been  a  matter  of  gradual  development.  As  late  as  1905,  Gushing 
was  led  to  say  that  in  the  near  future  operations  on  the  hypophysis 
cerebri  might  be  carried  to  a  successful  issue. 

A  brief  review  of  the  steps  that  have  led  to  our  present  technique 
may  be  of  interest  in  tracing  the  progress  of  this  most  recent  triumph 
of  modern  surgery. 

Methods  of  Approach. — Of  the  operations  proposed,  two  principal 
routes  have  been  chosen  to  reach  the  hypophysis:  (1)  the  intracranial; 
(2)  the  extracranial  or  transsphenoidal.  Through  the  former  the  hypo- 
physis may  be  reached  either  by  way  of  the  anterior  or  the  middle 
cranial  fossa.  The  major  part  of  the  operation  may  be  accomplished 
by  working  outside  of  the  dura,  or  the  dura  may  be  opened  in  the  be- 
ginning and  the  work  done  entirely  within  its  cavity. 

Through  the  Middle  Cranial  Fossa. — The  possibility^  of  reaching  the 
hypophysis  through  the  middle  cranial  fossa  w^as  first  proposed  by 
Caton  and  Paul,  but  was  not  carried  out  by  them.  Horsley  is  generally 
quoted  as  following  this  route. 

Stumme  quotes  a  personal  communication  from  Petrien,  in  which 
he  credits  Dahlgren  w^ith  an  operation  conducted  through  the  middle 
fossa.  In  this  the  dura  was  opened  and  the  hypophysis  reached  by 
retracting  the  brain.  Nothing  is  said  of  the  details  of  the  operation 
or  of  the  result. 

Krause  suggested  what  appears  to  be  the  most  rational  intracranial 
method  of  reaching  the  hypophysis.   He  proposed  to  open  the  cranial 
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cavity  by  an  osteoplastic  resection  of  the  frontal  bone  and  to  proceed 
extradurally,  through  the  anterior  cranial  fossa  until  the  lesser  wiii^r 
of  the  sphenoid  is  reached,  and  then  to  open  the  dura  and  remove  the 
tumor  by  means  of  a  small,  hook-shaped  knifp  devised  for  that  purpose. 
Krause,  from  his  experience,  gained  only  by  operation  on  the"  cadaver, 
believed  that  by  following  this  extradural  route  all  or  most  of  the  ob- 
stacles which  other  operators  had  encountered  would  be  eliminated. 

Borchard  attempted  to  remove  a  tumor  of  the  hypophysis  by  the 
Krause  method,  and  was  forced  to  abandon  it  because  of  the  hemorrhage. 
Later,  he  operated  successfully  on  the  same  patient  by  the  trans- 
sphenoidal route,  as  practiced  by  Schloffer. 

Killiani,  in  discussing  tumors  of  the  chiasm,  suggests  an  operation 
which  is  similar  to  that  of  Krause,  excepting  that  the  dura  is  opened 
immediately  after  entering  the  cranial  cavity.  The  longitudinal  sinus 
is  ligated,  the  frontal  lobe  lifted  from  the  base  of  the  skull,  and  the  tumor 
attacked  above  the  chiasm  and  the  transverse  sinus  by  means  of  a 
sharp  spoon. 

Temporal  Route. — Silbermark  suggests  a  temporal  intracranial  method 
similar  to  that  employed  by  Paulesco  and  Gushing  in  their  experi- 
mental work  on  dSgs.  This  consists  in  a  bilateral  craniectomy,  the 
counteropening  being  made  to  permit  of  the  temporal  lobe  being  dis- 
located without  the  risk  of  serious  compression.  The  operation  proposed 
by  Silbermark,  and  by  him  performed  on  the  cadaver,  has  never  been 
tried  on  a  living  subject. 

The  relative  merit  of  the  intracranial  method,  as  compared  to  the 
transsphenoidal,  is  still  a  matter  for  discussion.  Most  operators  have 
chosen  the  latter. 

The  temporal  route,  by  way  of  the  middle  fossa,  has  been  followed 
by  Dahlgren  and  Horsley. 

The  anatomical  structures  that  come  in  relation  to  the  operative 
field  are  many  and  of  great  importance.  Injury  to  the  large  venous 
sinuses,  if  not  a  serious  menace  to  the  life  of  the  patient,  would  at  least 
delay  the  operation  and  would  probabl}^  preclude  the  possibility  of 
completing  the  operation  in  one  sitting.  In  the  intracranial  operation, 
aside  from  the  danger  of  injury  to  the  important  bloodvessels  and  nerves, 
retraction  of  the  brain  sufficient  to  expose  the  hypophj^sis  is  likely 
to  be  followed  by  softening  or  necrosis,  as  a  result  of  the  trauma  and 
interference  with  its  blood  supply. 

The  lateral  intracranial  operation  has  been  employed  by  Gushing 
in  over  one  hundred  experiments  on  dogs.  While  by  this  method  the 
canine  hypophysis  is  readily  exposed,  Gushing  is  of  the  opinion  that  it 
is  not  practicable  in  operations  on  the  human,  excepting  possibly  in 
benign  cysts  of  the  gland  that  project  into  the  infundibular  region. 
In  cases  in  which  the  growth  occupies  the  sella  turcica,  it  would  be 
impossible  to  reach  it  excepting  by  the  transsphenoidal  route. 

Transsphenoidal  Extracranial  Route.— The  first  to  suggest  the  trans- 
sphenoirlal  extracranial  operation  was  Koenig  in  1898.  His  procedure 
was  identical  with  the  oronasal  operation  practised  by  Friedman 
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and  ]\Iass  on  animals,  and  by  Dussenbauer  for  the  removal  of  naso- 
pharyngeal growths.  It  consists  in  separating  the  mncoperi osteal 
covering  from  a  palatal  process  of  the  snperior  maxilla.  The  latter  is 
then  split  and  the  lateral  halves  retracted.  The  septum  and  vomer 
are  removed  with  the  other  structures  of  the  nose  that  may  obscure  the 
view  of  the  operator.  The  sphenoid  cells  are  opened  and  their  posterior 
walls  chiselled  away,  bringing  into  view  the  hypophysis. 


Fia.  78 


Removal  of  hypophysis  tumor  by  way  of  the  oronasal  route.    The  upper  lip-  retracted,  showing 
the  initial  incision  through  the  mucous  membrane. 

A  similar  operation  has  been  proposed  by  Loewe.  The  nose  is  split 
by  means  of  a  long  incision  to  one  side  of  the  median  line,  the  maxillae 
are  separated,  the  inner  walls  of  the  maxillary  sinus  are  removed, 
from  the  canine  fossa  upward,  and  the  septum  divided  back  to  the  vomer, 
which  is  removed  and  the  sinuses  entered  by  chiselling  away  their 
anterior  walls.    The  sella  is  reached  through  the  sphenoid  cells. 

It  will  be  seen  that  the  bucconasal  route  of  Koenig  and  the  operation 
of  Loewe  are  in  reality  quite  similar  in  the  essential  features  to  the  later 
inferior  nasal  operations.  The  strongest  objections  urged  against 
both  of  these  procedures  is  that  they  are  unnecessarily  severe  and  dis- 
figuring. They  have,  however,  the  advantage  of  ofl'ering  the  most 
direct  route  to  the  sphenoid  cells,  with  least  risk  of  entering  the  cranial 
cavity  anterior  to  the  sella. 
VOL.  II — 47 
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Superioi  Nasal  Route.— The  first  to  suggest  the  superior  nasal  route 
was  Giordano.  This  method,  as  practised  by  him  on  the  cadaver, 
consists  in  osteoplastic  resection  of  the  anterior  wall  of  the  frontal 
sinuses  and  the  nose.  These  structures  are  turned  down,  the  ethmoid 
cells  opened  and  their  walls  removed.  The  cells  of  the  sphenoid  arc 
then  opened  and  the  hypoph3\sis  reached  through  an  opening  in  the 
anterior  wall  of  the  sella. 

The  operation  of  Giordano  has  been  foIloAved,  though  slightly  modified 
at  times,  by  all  who  have  chosen  the  superior  nasal  route  in  operating  on 
the  hypophysis. 

SchlofTer,  in  1907,  successfully  removed  a  tumor  of  the  hypophysis 
by  a  similar  method.  An  incision  was  made  above  and  to  the  left  of  the 
nose;  the  whole  nose  turned  down  and  to  the  right;  excision  of  all  of  the 
turbinate  bodies,  septum,  inner  wall  of  the  left  maxillary  sinus,  and 
part  of  the  left  nasal  process  of  the  superior  maxilla;  opening  of  the 
ethmoidal  cells  through  which  the  sella  is  broken  down.  The  tumor 
was  recognized  as  a  pulsating  mass,  projecting  through  the  opening 
in  the  sphenoid,  and  was  curetted  with  a  sharp  spoon.  The  patient 
survived  two  and  one-half  months.  Autopsy  showed  that  only  about 
one-sixth  of  the  growth  remained. 

The  operation  proposed  by  Moskowicz  and  Tandler  diflFers  slightly 
from  that  practised  by  Schloffer.  The  inner  wall  of  the  orbit  and  that 
of  the  antrum  are  not  disturbed.  They  also  recommend  that  the  opera- 
tion be  performed  in  two  steps.  The  first  takes  the  operator  to  the 
posterior  wall  of  the  sphenoid  sinus,  which  is  permitted  to  remain 
intact.  A  pedunculated  flap  of  skin  is  then  turned  down  from  the 
forehead,  so  that  the  end  comes  to  lie  on  the  sinus  wall.  At  the  second 
step  the  posterior  wall  of  the  sinus  is  broken  down,  and  the  end  of  the 
skin  flap  pressed  into  the  cavity  remaining  after  opening  the  sella 
and  removing  the  tumor.  This  is  held  in  place  by  a  tampon.  The  skin 
flap  is  so  placed,  in  order  to  lessen  the  dangers  of  infection.  This  step 
seems  to  be  of  questionable  value.  It  would  appear  to  enhance  rather 
than  minimize  the  risk  of  infection  of  the  meninges. 

V.  Eiselsberg,  in  the  three  cases  originally  published,  followed  the 
superior  nasal  route.  The  incision  described  differs  slightly  from  that 
employed  by  Schloffer,  in  that  a  vertical  incision  along  the  median 
line  of  the  forehead  meets  a  curved  incision  above  the  root  of  the  nose. 
The  nose,  with  the  anterior  wall  of  the  frontal  sinus,  is  reflected  down- 
ward and  to  the  right.  The  septum  is  divided  and  the  superior  turbinals 
removed.  The  vomer  is  removed  piece  by  piece  up  to  its  root.  After 
lifting  the  periosteum  from  the  anterior  wall  of  the  sphenoid  the  sinuses 
are  opened  by  chiselling  into  them.  The  tumor  is  then  exposed  by 
removing  their  posterior  walls. 

More  recently  Eiselsberg  has  reported  eleven  more  cases,  making 
fourteen  in  all,  with  four  deaths.  In  his  later  cases  he  has  modified 
his  technique  only  by  omitting  the  incision  into  the  frontal  sinus. 
He  still  turns  the  nose  to  one  side,  and  still  uses  the  upper  route  of 
approach  to  the  sella. 
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Stumme,  in  190S,  describes  an  operation  performed  by  Hochenegg 
upon  a  patient  suffering  from  acromegaly,  with  other  symptoms  of 
pituitary  tumor.  The  technique  followed  was  similar  to  that  of  v. 
Eiselsberg.  The  anesthetic  emjjloyed  was  Billroth 's  mixture,  prelimi- 
nary to  the  administration  of  which  the  postnarcs  were  tamponed  with 
gauze.  After  turning  down  the  nose,  an  osteoplastic  flap  containing 
the  anterior  walls  of  the  frontal  sinuses  was  reflected  upward.  The 
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Removal  of  hypophysis  tumor  by  the  oronasal  route.  Second  stage.  The  septum  is  divided 
under  the  retracted  lip  and  through  the  mouth.  The  turbinals  and  vomer  present  through  the 
nasal  cavity. 

septum  and  the  entire  contents  of  the  nose,  including  all  of  the  turbinals, 
were  removed.  The  inner  wall  of  the  antrum  and  orbit  was  left  intact. 
The  sphenoiflal  sinuses  were  opened  by  means  of  a  chisel  and,  later, 
their  posterior  walls,  exposing  the  tumor,  which  was  removed  by  a 
spoon-shaped  instrument.  The  cavity  was  packed  with  gauze  and  the 
nose  replaced  and  sutured. 

In  the  first  case  operated  on  by  Gushing,  an  acromegalic,  he 
employed  the  supranasal  operation,   similar  in  detail  to  that  of 
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llocheno^^,  excepting  that  the  anterior  walls  of  the  frontal  sinus  were 
turned  down  with  the  nose.  Preliminary  tracheotomy  was  performed; 
the  nares  plugged  with  a  sea  sponge.  The  Rose  p(^sition  was  maintained 
during  the  operation,  as  in  Hochenegg's  case.  After  rongeuring  away 
the  walls  of  the  ethmoid  cells  a  narrow  mesial  channel  (two  centimeters 
wide)  was  chiselled  below  the  ethmoid  roof  and  carried  back  to  the 
sphenoid  cells.  The  anterior  walls  of  the  cells  were  theji  broken  down 
and  the  median  projection  of  the  sella  into  the  cells  was  located.  The 
thin,  bony  wall  of  the  sella  was  then  clipped  away,  exposing  a  pocket 
of  dura  enclosing  the  gland.  This  was  incised  longitudinally,  and  half 
of  the  exposed  gland  removed. 

Intranasal  Route.— In  November,  1909,  Kanavel,  of  Chicago,  published 
a  method  of  approach  in  removing  tumors  of  the  hypophysis  that  he 
termed  the  intranasal  route.  At  the  time  of  publication  of  the  paper 
the  operation  had  not  been  performed  upon  the  living  subject  by 
Kanavel.  After  a  series  of  experiments  on  the  cadaver  and  a  trial  of 
the  various  operative  procedures  recommended  by  others,  he  came 
to  the  conclusion  that  the  hypoph3'sis  could  be  best  reached  b}'^  turning 
up  the  nose  and  proceeding  directly  to  the  sphenoid  cells,  without 
interfering  with  the  ethmoid,  after  removing  the  turbinals,  deflecting 
the  septum,  and  cutting  away  the  vomer. 

Recently,  West,  of  Baltimore,  recommends  practically  the  same 
procedure,  excepting  that  the  operation  be  conducted  through  the 
nose.  West  recommends  that  the  operation  be  performed  in  two  stages, 
and  that  the  preliminary  operation  of  removal  of  the  middle  and  inferior 
turbinals  be  done  under  local  anesthesia.  The  septum  and  vomer  are 
removed  at  the  second  operation,  after  which  the  cells  are  opened  and 
the  sella  chiselled  through. 

Hirsch,  of  Vienna,  has  recently  published  a  series  of  twelve  cases  of 
decompression  of  the  sella  or  partial  hypophysectomy,  Avith  only  two 
deaths.  He  does  an  operation  much  like  West's,  but  does  the  resection 
of  the  septum  and  the  vomer  submucously  as  far  as  possible,  and  aims 
to  use  only  local  anesthesia  in  the  procedure.  He  also  claims  priority 
over  West  for  his  operation.  When  impossible  to  finish  in  one  stage  he 
uses  two  or  more  separate  sittings.  This  procedure  may  be  all  right  for 
the  stolid  Viennese,  but  we  doubt  the  ability  of  the  average  Ameri- 
can patient,  particularly  women,  to  pass  through  the  long-drawn-out 
ordeal.  Our  patients  sometimes  quail  at  even  the  preliminary  double 
turbinectomy  when  done  under  local  anesthesia  by  our  rhinologist. 
Hirsch's  results  are  a  distinct  victory  for  the  lower  route.  They  show 
the  decreased  danger  of  meningitis  in  this  mode  of  attack,  which  is 
very  likely  due  to  the  lesser  frequency  of  fracture  of  the  ethmoids 
in  cutting  out  the  septum.  Through  the  ethmoid  canals  run  numerous 
lymphatic  channels  which  connect  with  the  meningeal  space.  The 
opening  up  of  these  channels  to  infection  is  probably  the  i^rincijwl 
source  of  meningitis.  This  seems  the  most  logical  explanation  for  the 
superior  results  which  have  been  obtained  by  the  lower  route  when 
followed  either  through  the  nose  or  through  the  mouth  as  coni])ared 
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with  the  results  obtained  from  the  superior  route  operations  of  SclilofTcr 
and  Eiselsberg. 

McArthur  has  outHned  a  teclinique  simihir  to  Krause's  whereby 
the  hyp^)physis  is  approached  through  the  anterior  cranial  fossa  after 
an  incision  has  been  made  over  the  eyebrow.  He  reports  three  cases 
operated  by  this  method.  Tiie  upper  wall  of  the  orbit  is  removed  and 
the  eyeball  displaced  downward  to  give  a  wider  approach. 

Classes  of  Tumors  of  the  Hypophysis.  —  Probably  no  single  line  of 
approach  is  adequate  in  all  cases.  The  different  operators  have  so 
far  always  clung  each  to  his  own  method  of  attack.  The  a^-ray  picture 
now  enables  us  to  differentiate  three  classes  of  tumors  of  the  hypophysis: 
P'irst,  those  growing  downward  into  the  sella,  and  forward  toward  the 
sphenoid  sinus.  This  is  the  type  par  excellence  for  removal  by  way 
of  the  nose.  The  .r-ray  in  tumors  of  this  type  shows  the  sella  deepened 
and  enlarged  but  the  outlet  of  approximately  normal  size.  The  sella 
is  often  seen  to  bulge  forward  toward  the  sphenoid  sinus,  or  even  into 
it.  Second,  tumors  growing  chiefly  upward  and  projecting  above  the 
sella  and  optic  nerves.  In  this  location  it  is  apt  to  press  upward  on 
the  third  ventricle,  and  may  thereby  cause  a  secondary  hydrocephalus. 
In  the  .T-rav  of  such  cases  the  entrance  to  the  sella  is  seen  to  be  dilated. 
The  dorsum  sellse  is  often  thinned,  and  it  may  appear  pushed  backward, 
owing  to  the  pressure  atrophy  produced  in  the  anterior  lamella.  In 
the  larger  tumors  of  this  type  we  not  infrequently  see  signs  of  increased 
intracranial  pressure  in  forms  of  intracranial  erosions  or  juga  cerebralia. 
These  characteristic  .T-ray  findings  may  be  seen  sometimes  over  the 
entire  inner  surface  of  the  skull. 

Such  large  tumors,  when  they  extend  upw^ard,  cannot  be  removed 
satisfactorily  through  the  nose.  But  little  more  can  be  done  by  the 
intracranial  route  than  to  curette  away  part  of  their  base.  The  only 
hope  for  their  radical  removal  lies  in  an  attack  by  some  such  route  as 
Krause's  or  McArthur's.  A  feasible  method  of  attack  wdiich  would 
give  more  room  in  some  cases  than  Krause's  route  is  one  which  may  be 
pursued  in  the  not  infrequent  cases  in  which  the  roof  of  the  orbit  con- 
tains a  shallow  air  sinus.  The  cranial  side  of  the  sinus  may  be  chipped 
away  subdurally  through  an  opening  like  Krause's.  The  whole  frontal 
lobe  is  then  pushed  up  and  the  tumor  is  attacked  from  above  the 
chiasm.   The  dura  is  not  cut  until  the  tumor  is  reached. 

Third,  tumors  growing  chiefly  to  one  side  of  the  sella.  In  consequence 
of  the  unilateral  growth  one  optic  nerve  suffers  much  more  than  the 
other.  The  cavernous  sinus,  and  to  a  less  extent  the  carotid,  are  liable 
to  be  compressed  by  the  tumor,  on  its  side  of  principal  growth.  In  the 
a;-ray  picture  in  such  cases  the  sella  is  often  shown  in  three  contours. 
This  is  particularly  marked  usually  on  the  anterior  surface  of  the  sella, 
own'ng  to  the  fact  that  one  side  of  it  is  much  more  eroded  than  the  other 
sifle,  or  even  than  the  middle.  Also,  the  blocking  of  the  cavernous 
sinus  by  the  tumor  leads  to  the  formation  of  a  collateral  circulation. 
This  collateral  circulation  is  usually  most  clearly  seen  in  the  dilatation 
of  the  sinus  sphenoparietalis.    The  enlargement  of  this  sinus  is  known 
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because  of  the  enlarjijement  of  its  cuiuil  in  the  inner  ta})le,  the  con- 
sequence of  the  enhirgement  of  the  sinus  itself.  This  shadow  may  be 
seen  in  the  side  picture  running  upward  from  just  above  the  sella  and 
ending  above  in  the  middle  line  often  in  a  Pacchionian  granulation. 

A  radical  removal  of  such  a  tumor  by  the  nasal  route  is  a  matter 
of  difficulty.  Ilorsley's  lateral  method  of  attack  seems  to  us  the  logical 
operation  for  tumors  of  this  sort. 

Besides  these  three  fairly  well-marked  types  there  are  all  possible 
combinations  and  mixed  types.  While  the  intranasal  method  seems 
to  us  the  proper  route  of  attack  in  the  great  majority  of  cases  of  hypo- 
physis, tumor,  yet  we  should  always  make  a  careful  preliminary  study 
of  the  .T-ray  plates  and  assure  ourselves,  before  operation,  of  the  prob- 
able size  and  direction  of  growth  of  the  tumor  and  consequently  the 
most  successful  route  to  be  followed  in  a  given  case.  At  the  same  time 
we  can  also  make  some  estimate  of  the  probable  difficulty  of  the  opera- 
tion. That  type  of  tumor  which  shows  a  greatly  dilated  sella  turcica 
and  presents  distinct  signs  of  increased  intracranial  pressure  is  usually 
difficult  to  successfully  remove.  It  is  also  the  one  most  likely  to  be 
accompanied  by  a  hydrocephalus  and  dilatation  of  the  third  ventricle. 
A  dilated  third  ventricle,  even  without  any  enlargement  of  the  hypo- 
physis, may  produce  a  dilated  sella  turcica,  and  does  not,  at  the  same 
time,  always  show  erosions  of  the  inner  table.  Such  a  case  may  be 
operated  under  the  diagnosis  of  tumor  of  the  hypophysis.  Hirsch 
has  had  such  a  fatal  case,  the  entire  intraventricular  fluid  escaping  as 
soon  as  his  knife  penetrated  the  dilated  third  ventricle.  We  cannot 
recommend  too  highlj^  to  every  operator  on  the  hypophysis  the  careful 
study  of  the  .T-ray  plates  before  the  operation. 

Halstead's  Methods. — The  method  that  I  have  adopted  and  carried 
out  successfully  in  a  patient  operated  upon  in  July,  1909,  and  recorded  in 
the  Trmis.  Amer.  Surg.  Assoc.,  1910,  is  as  follows: 

Pads  of  sterile  cotton  moistened  in  boric  acid  solution  are  held  over 
both  closed  eyes  while  the  face  and  neck  are  washed  with  soap  and  water 
on  fluffed  gauze  and  then  with  alcohol  and  bichloride,  1  to  1000. 

The  patient  is  anesthetized  with  ether  by  the  usual  drop  method,  the 
anesthetist  having  previously  scrubbed  up,  put  on  sterile  gloves,  and 
using  a  sterile  mask.  As  soon  as  the  patient  is  asleep,  a  high  tracheotomy 
is  done  and  a  Trendelenburg  ballon  cannula  inserted.  Chloroform  is 
now  used  to  continue  the  anesthesia. 

Aditus  ad  laryngem,  pharynx  and  mouth  are  now  tightly  packed 
with  gauze  strips. 

The  upper  lip  is  raised  and  an  incision  is  made  in  its  mucous  membrane 
about  five-sixths  of  an  inch  from  the  mucocutaneous  junction  and 
parallel  to  the  alveolar  process.  The  soft  tissues  are  freed  and  the 
nose  gradually  drawn  up  with  retractors,  the  nasal  mucous  membrane 
incised,  and  the  nasal  cavity  opened. 

The  cartilaginous  nasal  septum  is  divided  with  bone-cutting  forceps, 
flush  with  the  nasal  floor  and  disi)laco(l  ujnvard  and  laterally.  The  lower 
and  middle  turbinals,  the  vomer  and  the  perpendicular  plate  of  the 
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ethmoid  are  removed  with  scissors  and  forceps.  We  thus  have  formed 
a  cyHndrie  cavity  of  the  width  of  tjie  nose  and  about  four  inches  deep, 
reaching  the  anterior  wall  of  the  sphenoid  sinus.  This  cavity  is  then 
packet!  tightly  with  adrenalin  gauze  for  a  few  minutes  until  oozing 
has  stopped  and  the  mucous  membrane  of  the  nose  and  anterior  surface 
of  the  splicnoid  sinuses  are  well  blanched. 

Upon  removing  this  tampon  the  anterior  and  then  the  posterior  wall 
of  the  sphenoid  sinus  are  bitten  tlirough  with  the  Hajek  punch  and  the 
sella  turcica  with  the  enclosed  hypophysis  lies  exposed.  The  tumor 
is  now  removed  piecemeal  with  a  dull  curette,  forceps,  and  scissors. 
Any  subsequent  hemorrhage  is  controlled  by  tamponing  with  adrenalin 
gauze. 

Fia.  80 


Removal  of  hypophysis  tumor  by  way  of  the  oronasal  route.  Third  stage.  The  nose  and  upper  lip 
are  retracted  upward  over  the  forehead  after  dividing  the  septum,  and  freeing  the  soft  parts  from  the 
superior  maxilla.  Turbinals,  vomer,  and  all  obstructing  tissues  removed  down  to  the  anterior  sphenoid 
cells. 

When  the  tumor  tissue  has  been  removed  and  the  hemorrhage  con- 
trolled the  whole  cavity  is  flushed  out  with  normal  salt  solution  and  the 
sella  and  entire  nasal  cavity  are  packed  with  iodoform  gauze  saturated 
with  tincture  of  benzoin. 

The  septum  is  then  sutured  back  and  the  mucous  membrane  of  the 
mouth  reunited  by  suture  and  the  Trendelenburg  cannula  replaced  with 
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a  tracheotomy  tube.  The  patient  is  then  put  to  bed  in  a  semirecumbent 
position.  As  soon  as  he  regains  consciousness  the  paci<ing  is  removed 
From  throat  and  mouth.  The  tracheotomy  tube  is  removed  on  the 
Following  day  and  the  wound  closed  by  suture  and  dressing. 

The  nasal  packing  is  allowed  to  remain  in  place  two  or  three  days, 
unless  the  patient's  temperature  rises  above  100°  F.  Then  it  is  removed 
and  the  nose  flushed  out  daily  thereafter  with  normal  saline  solution 
before  the  packing  is  renewed.  After  a  week  the  packing  is  dispensed 
with  and  saline  irrigation  continued  as  long  as  the  patient  remains  in 
the  hospital. 

The  accompanying  figures  give  a  very  fair  idea  of  the  different 
steps  in  the  operation  and  the  photograph  shows  the  faultless  cosmetic 
result  obtained,  which  is  all  the  more  striking  when  compared  with 
the  results  obtained  by  all  the  previous  methods  in  which  the  external 
incision  is  used. 

The  Palliative  Trepanation  and  Exploratory  Puncture  of  the  Sella 
Turcica. — A.  Schueller  recommends  the  decompressive  trepanation 
of  the  sella  turcica  and  also  puncture  of  the  third  ventricle  through 
the  trepanation  opening,  not  only  for  hypophysis  tumors,  but  also  for 
tumors  and  cysts  of  the  third  ventricle  and  of  the  vicinity  of  the  hypo- 
physis and  third  ventricle.  Schueller  recommends  the  nasal  approach 
to  the  sella,  but  in  performing  a  puncture  of  the  third  ventricle  by  this 
route,  which  is  the  most  important  part  of  his  proposal,  he  suggests  pass- 
ing a  more  or  less  flexible  probe  under  the  mucosa  of  the  septum,  and 
along  it,  pushing  it  through  the  walls  of  the  sphenoid  sinus  into  the  sella, 
and  up  into  the  third  ventricle,  thus  accomplishing  from  below  much 
the  same  result  that  Anton  and  von  Bramann  do  from  above,  both 
procedures  being  rather  blind,  but  Schueller 's  has  the  advantage  of 
draining  from  the  lowest  part  of  the  ventricular  system,  and  into  a  cavity 
which  is  always  open.  These  two  very  distinct  advantages  may  per- 
haps outweigh  the  slightly  greater  risk  of  infection  of  Schueller's  pro- 
cedure. The  technique  seems  not  more  difficult  and  the  other  dangers 
not  greater  than  the  Balkenstich.  Schueller  thinks  the  puncture  will 
be  valuable  in  chronic  external  or  internal  hydrocephalus,  whether 
primarily  or  secondarily  due  to  unlocalized  brain  tumors.  It  ought 
also  to  be  useful  in  the  lesser  grades  of  hydrocephalus  which  accompany 
tower  skull  and  the  other  forms  of  craniostenosis  and  some  cases  of 
migraine  and  epilepsy.  This  is  the  only  method  which  can  successfully 
attack  localized  hydrocephalus  or  cysts  of  the  third  ventricle,  or  localized 
meningitis  serosa  about  the  chiasm.  The  operation  of  decompression 
is  indicated  when  the  .r-ray  shows  a  deepening  of  the  sella  along  with 
the  other  signs  of  increased  intracranial  pressure,  and  a  sufficiently 
roomy  sphenoid  sinus  to  allow  of  free  decompression.  If  only  a  simple 
puncture  is  to  be  done,  the  size  of  the  sphenoid  sinus,  of  course,  cuts  no 
special  figure.  The  simple  decompression  is  not  accompanied  by  the 
same  danger  of  infection  as  the  removal  of  the  hypophysis,  because 
in  the  former  procedure  the  dura  is  left  intact. 

Anton  has  criticised  the  sellar  puncture  of  the  third  ventricle  as  being 


A  Patient  (H.  R.)  Two  Months  after  Removal  of  a  Tumor  of 
the  Hypophysis  through  the  Oronasal  Route. 
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too  dangerous,  on  account  of  its  relation  with  the  nose.  Anton  appar- 
ently is  not  familiar  with  or  has  not  read  Schueller's  original  article, 
because  Schueller  by  his  technique  does  not  enter  the  nasal  cavity — 
the  procedure  is  entirely  submucous  when  typically  done  and  abnormal 
anatomical  relations  do  not  greatly  interfere. 

Canestri  and  von  Saar  have  also  suffered  from  a  misapprehension  of 
Schueller's  idea,  in  that  they  have  tried  to  do  the  simple  sellar  trepana- 
tion by  the  old  mutilating  operation  of  Schloffer,  instead  of  by  the  newer 
and  simpler  technique  of  Hirsch  or  Halstead.  They  therefore  had  a 
failure.  There  have  been  no  cases  operated  yet  by  the  strict  Schueller 
technique.  Until  there  are  it  will  be  premature  to  form  a  final  opinion 
regarding  it. 

Chordoma. — Before  leaving  the  subject  of  hypophysis  tumors,  it 
may  be  of  interest  to  speak  of  chordomas  in  this  connection.  These 
are  vestigial  tumors,  springing  from  the  upper  end  of  the  embryonic 
notochord.  They  are  most  frequently  seen,  as  an  accidental  finding, 
at  autopsy,  usually  a  small  whitish  excrescence  in  the  bone  of  the 
clivus  Blumenbachii,  or  perhaps  perforating  it,  and  appearing  in  the 
middle  line  in  the  posterior  fossa.  These  are  the  benign  chordomas. 
In  some  cases,  however,  these  rare  tumors  may  become  malignant  and 
then  they  may  perforate  into  the  sella  turcica,  and  even  through  the 
base  of  the  skull  into  the  upper  pharynx.  The  benign  tumors  have 
never  as  yet  been  diagnosticated  clinically,  but  two  of  the  malignant 
variety  have  been  discovered  after  operation,  and  one  of  them  perfor- 
ated into  the  pharynx. 

The  case  of  Spies  was  a  cyst  which  was  operated  under  the  diagnosis 
of  hypophysis  tumor;  the  diagnosis  of  chordoma  was  made  from  a 
microscopic  examination  of  fragments  of  the  cyst  wall. 

The  case  of  Stenger  was  operated  under  the  diagnosis  of  malignant 
tumor  of  the  nasopharynx.  The  character  of  the  tumor  was  entirely 
unsuspected  until  the  microscopic  examination  was  made.  The  patient 
died  two  years  after  the  operation  from  recurrence,  and  no  postmortem 
was  obtained.  But  at  tw^o  subsequent  operations  for  the  recurrence, 
the  tumor  tissue  removed,  showed  each  time  the  characteristic  struc- 
ture of  chordoma. 

These  two  cases  are,  so  far  as  we  have  been  able  to  determine,  the 
only  ones  of  chordoma  which  have  ever  been  attacked  surgically. 
But  sirce  the  hypophysis  is  now  being  frequently  operated,  we  shall 
probably  hear  soon  of  more  of  these  cases,  and  every  operator  should 
be  on  the  lookout  for  them.  Hypophysis  tumor,  the  a:-ray  of  which 
shows  complete  destruction  of,  or  even  marked  involvement  of,  the 
clivus  Bluembachii,  should  be  under  suspicion. 

Tumors  of  the  Pineal  Gland. — Following  the  discussion  of  hypo- 
physis tumors  it  seems  proper  to  mention  the  rather  rare  tumors  of  the 
pineal  gland,  which  in  some  ways  are  the  counterpart  of  the  tumors 
of  the  hypophysis.  That  certain  tumors  of  the  pineal  gland,  especially 
teratomata,  are  sometimes  accompanied  by  such  unusual  symptoms 
as  increased  body  height,  abnormal  growth  of  hair,  premature  genital 
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and  sexual  development,  has  been  known  for  a  long  time,  and  such 
cases  have  been  reported  by  Gutslit,  Oestreich  and  Slawyk,  Jonkowsky, 
H.  Nothnagel,  and  E.  Mueller.  Otto  Marburg,  of  Vienna,  however, 
deserves  the  credit  of  first  placing  the  pineal  gland  among  the  glands 
of  internal  secretion,  and,  on  the  basis  of  its  functions,  he  has  separated 
its  disturbances  into  three  distinct  clinical  groups,  using  for  that  classi- 
fication one  case  of  his  own  and  others  from  the  literature.  His  divisions 
are:  (1)  Hypopinealism,  characterized  by  abnormal  increase  in  height, 
premature  development  of  the  primary  and  secondary  sexual  character- 
istics, and  precocious  sexual  ripeness.  (2)  Hyj^erpinealism,  the  chief 
symptom  of  which  is  adiposity.  (3)  Ajnnealism,  the  symptoms  of  which 
are  rather  indifferent,  save  that  a  marked  cachexia  is  often  seen. 

Of  all  these  pineal  symptoms  the  most  striking  are  the  early  sexual 
ripeness  and  the  precocious  development  of  the  primary  and  secondary 
sexual  characteristics.  On  the  basis  of  these  symptoms  in  connection 
with  other  symptoms  of  brain  tumor,  Fraenkl-Hochwart  was  able  to 
make  the  diagnosis  of  pineal  tumor  intra  vitam.  Still  more  recently 
Bailey  and  Jeliffe,  of  New  York,  have  gone  over  the  entire  subject  with 
great  thoroughness,  and  have  been  able  to  collect  fifty-nine  cases  from 
the  literature,  including  one  of  their  own,  a  boy  of  twelve  years,  with 
a  teratoma. 

As  an  additional  fact  of  importance  it  should  be  mentioned  that  the 
pineal  gland  may  often  be  seen  in  the  a:-ray  picture,  especially  in  the 
side  view,  owing  to  the  fact  that  calcium  salts  are  early  deposited  in  it, 
and  sometimes  in  considerable  quantity.  The  patients  with  such  cal- 
cified epiphyses  are,  however,  usually  on  the  far  side  of  puberty,  while 
the  patients  with  tumor  are  usually  in  their  early  j^ears. 

Not  only  is  the  diagnosis  of  pineal  tumors  now  on  a  fairly  rational 
basis,  but  its  surgical  removal  or  destruction  has  been  done  in  animals, 
though  not  yet  in  man.  The  operation  even  on  the  animal  is  one  of 
great  danger  to  the  subject.  Exner  was  able  to  save  only  22  out  of  95 
rabbits  operated  upon  by  him. 

Biedl  and  Sarteschi  had  no  better  success.  The  results  of  the  extir- 
pation in  the  animals  who  survived  the  operation  were,  however,  for 
the  most  part  negative.  No  apparent  change  at  all  in  the  nutrition, 
weight,  sexual  life  or  sexual  characteristics  could  be  noted  by  Exner. 

No  one  has  yet  suggested  a  mode  of  attack  for  such  a  tumor  in  man. 
A  procedure  similar  to  Anton's  Balkenstich  may  be  attempted,  perhaps 
with  the  assistance  of  an  endoscope.  By  entering  in  the  middle  line 
just  behind  the  motor  area  the  falx  could  be  followed  downward  and 
then  by  perforating  the  corpus  callosum  one  might  come  directly  upon 
the  tumor.  This  could  then  be  destroyed  by  the  electric  cautery  under 
the  guidance  of  the  eye,  or  might  be  sucked  up  and  then  removed  by 
Krause's  method.  This  method  would  also  have  the  advantage  of 
enabling  the  operator  to  open  a  ventricle  at  the  same  time,  and  provide 
for  escape  of  the  ventricular  fluid,  in  case  the  tumor  had  blocked  the 
fourth  ventricle  and  caused  hydrocephalus. 
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DANGERS  AND  COMPLICATIONS  OF  INTRACRANIAL  OPERATIONS, 
THEIR  AVOIDANCE  AND  TREATMENT 

In  general,  these  dangers  and  complications  are  not  many  and  are 
relatively  easily  avoided,  as  a  rule,  if  borne  in  mind  during  operative 
proceedings.  jNIost  of  them  have  been  already  touched  upon  during 
the  previous  general  discussion  of  the  subject  of  operations. 

Dangers  at  the  Time  of  Operation. — 1.  Hemorrhage. — Plemorrhage 
has  already  been  discussed  at  sufficient  length  under  operative  technique. 
It  may  at  times  be  annoying,  but  never  dangerous,  with  our  modern 
means  of  hemostasis — tourniquet,  Kocher  forceps,  preliminarj^  sutures, 
pressure,  tamponade,  Horsley's  wax,  muscle  tissue,  orange  sticks,  Jap 
toothpicks,  etc. 

2.  Shock,  Collapse,  and  Sudden  Respiratory  Failure. — These  complica- 
tions are  now  much  less  frequent  since  the  introduction  of  the  principle 
of  cerebral  dislocation  and  the  two-step  operation,  and  the  recognition 
of  the  fact  that  these  alarming  complications  are  due  to  sudden  changes 
of  pressure,  chiefly  overpressure  on  the  medullary  centres. 

Though  prevention  is  the  main  factor  in  their  treatment,  we  consider 
of  great  importance  the  intravenous  administration  of  normal  salt  solu- 
tion, with  the  addition  of  2  c.c.  of  1  to  1000  adrenalin  solution  to  the 
liter  in  amounts  up  to  two  to  four  liters.  Hypodermoclysis  is  also  of 
value,  but  is  too  slow  for  the  cases  of  sudden  collapse.  The  use  of  the 
reversed  Trendelenburg  position  is  also  important.  For  the  operation 
itself  the  head  and  shoulders  are  kept  high  as  long  as  the  patient's 
condition  is  good,  but  as  soon  as  collapse  threatens  they  should  be 
promptly  lowered. 

We  have  at  times  considered  the  advisability  of  laying  bare  the  inter- 
nal saphenous  vein  before  starting  the  cranial  operation  in  cases  in 
which  there  is  reason  to  anticipate  collapse,  so  that  salt  solution  might 
be  given  in  large  amounts  and  without  a  moment's  delay. 

3.  Infection. — Septic  infection  is  practically  never  introduced  from 
without  in  the  modern,  aseptic  operation.  It  can  occur  only  when  we 
have  to  deal  with  tissues  already  infected,  e.  g.,  subdural  abscess, 
cerebral  abscess,  and  purulent  meningitis,  the  last  being  rarely  attacked 
by  operative  procedure,  or  occurring  with  the  wound  of  the  cranial 
vault. 

The  avoidance  of  infection  in  the  treatment  of  intracranial  abscess 
has  been  discussed  already  under  the  subject  of  brain  abscess.  It 
consists  in  (a)  puncturing  the  brain  to  locate  the  abscess  only  after 
the  dura  has  been  opened  and  the  subdural  space  walled  off  with  several 
layers  of  iodoform  gauze;  (6)  thorough  opening  of  the  abscess;  (c) 
irrigation  followed  by  renewal  of  the  outer  layers  of  gauze,  and  {d) 
drainage  puncture  through  the  galea  flap  directly  over  the  abscess 
opening. 

4.  Danger  from  Parasitic  Cysts  and  Malignant  Tumors.  —  Danger  of 
infection  of  the  meninges  and  brain  tissue  from  parasitic  cysts  and  malig- 


748 


SURGERY  OF  THE  BRAIN  AND  SPINAL  CORD 


nant  tumors  or  granulomata  is  to  be  combated  in  the  same  way  as  in 
the  case  of  intracranial  abscess,  except  that  in  the  former  case  removal 
of  the  source  of  infection  by  excision  into  healthy  tissue  may  at  times 
enable  us  to  get  rid  of  the  entire  focus  of  infection  at  one  stroke. 

5.  Dangers  from  Anesthesia. — It  goes  without  saying  that  in  this 
field  of  surgery,  if  in  any,  the  assistance  of  an  experienced  anesthetist 
is  required.  The  awkward,  strained  position  which  the  anesthetist 
must  assume  in  operations  on  the  posterior  half  of  the  cranium,  en- 
shrouded in  a  sheet  and  breathing  vitiated  air  saturated  with  ether, 
with  irrigating  fluids  trickling  down  on  him  at  intervals,  makes  his 
duties  onerous.  He  must  administer  the  anesthetic  to  a  point  above 
his  head,  keep  irrigating  fluids  out  of  the  patient's  mouth,  nose,  and 
eyes,  hold  up  the  mask  continuously  and  occasionally,  when  another 
assistant  is  not  available,  watch  respiration  and  heart  beats  through 
a  Bowles'  stethoscope  fastened  to  the  patient.  In  these  exacting  cases 
I  feel  that  such  good  results  as  I  have  obtained  have  been  due  in  no 
small  measure  to  the  experience  and  skill  of  my  anesthetists  at  St. 
Luke's  Hospital. 

Shock  and  collapse  are  to  be  avoided  by  care,  not  only  on  the  operator's 
part,  but  just  as  much  by  careful  watchfulness,  backed  by  experience 
on  the  part  of  the  anesthetist. 

To  prevent  vomiting,  washing  out  of  the  stomach,  just  before  the 
operation  and  just  after  the  patient  has  regained  consciousness  is  the 
most  effacious  measure,  though  not  any  too  agreeable  to  the  patient. 

Post-operative  Dangers  and  Complications. — 1.  Collapse. — Collapse, 
though  not  prone  to  occur  in  the  late  stages  of  the  operative  procedures, 
may  appear  at  any  time,  even  several  days  after  the  operation;  but 
the  danger  is  greatest  in  the  first  twenty-four  to  thirty-six  hours  after 
the  operation. 

The  remedial  measures  are  the  same  as  when  it  occurs  during  the 
operation,  except  that,  inasmuch  as  the  collapse  does  not  appear  in  as 
urgent  a  fashion  as  in  the  latter  case,  it  allows  the  surgeon  more  leeway 
in  which  to  act. 

2.  Postoperative  Hemorrhage. — If  in  addition  to  collapse  there  are 
pressure  symptoms,  there  is  probably  present  a  postoperative  hemor- 
rhage which,  if  extensive  or  progressive,  must  be  treated  by  reopening 
the  wound,  scraping  and  irrigating  away  the  clotted  blood,  and  ligating 
or  tamponing  the  bleeding  point. 

Hemorrhage  is  best  prevented.  Careful  hemostasis  during  the  opera- 
tion, ligation  of  all  bleeding  points  and  tamponing  for  a  day  or  two, 
of  any  oozing  beyond  the  slightest  amount,  will  save  the  surgeon  worry 
and  his  patient  a  second  operation. 

3.  Edema  and  Softening  of  the  Brain.— Edema  and  softening  of  the 
brain  (encephalomalacia)  may  be  the  consequence  of  a  neglected  hemor- 
rhage, or  it  may  arise  after  trauma  of  the  brain  substance.  It  varies, 
as  a  rule,  directly  with  the  amount  of  injury  to  which  the  brain  tissue 
has  been  subjected  during  the  operation,  and  is  commonly  most  severe 
after  removal  of  subcortical  and  extensive  tumors  and  cysts,  in  the 
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treatment  of  which  it  is  often  necessary  to  interrupt  the  continuity  of 
many  nerve  fibers  and  bloodvessels  in  brain  tissue  whose  vitality  has 
already  been  lowered  by  the  long-continued  presence  of  the  tumor. 

The  most  severe  grades  of  edema  which  may  cause  prolapsus  or  even 
fungus  cerebri  and  extensive  paresis  and  paralysis  are  fortunately  rare, 
for  they  may  be  rapidly  fatal. 

Slight  edema  associated  with  a  superficial  necrosis  of  the  brain 
tissue  surrounding  the  tumor,  and  a  small  discharge  of  broken-down 
brain  tissue  on  the  third  or  fourth  day  following  operation,  without 
other  symptoms  of  moment,  is  less  infrequent  and  has  no  particular 
significance. 

4.  Prolapsus  and  Fungus  Cerebri. — The  former  complication  is  common 
and  is  to  be  expected  whenever  a  decompression  operation  is  done  for 
increased  intracranial  tension  at  a  spot  where  the  galea  is  not  reenforced 
by  muscle,  i.  e.,  outside  the  subtemporal  and  suboccipital  regions. 
It  is  at  that  result  that  we  aim.  It  has,  as  a  rule,  no  untoward  symptoms, 
unless  excessive,  and  can,  until  jt  reachefs  a  considerable  amount,  be 
concealed  by  hair-dressing,  particularly  in  women. 

Fungus  cerebri  may  arise  when  (a)  intracranial  pressure,  already 
excessive  at  the  time  of  operation,  is  still  further  increased  by  post- 
operative edema;  or  when  (b)  a  decompressive  operation  is  done  directly 
over  a  rapidly  growing  tumor,  especially  in  an  area  not  covered  by 
muscle;  or  when  (c)  tamponade  must  be  continued  for  several  days, 
on  account  of  hemorrhage  or  suppuration,  and  when  intracranial  pres- 
sure at  the  same  time  is  excessive. 

The  treatment  is,  first  and  foremost,  prevention.  Tamponade,  as 
a  hemostatic  measure,  must  be  avoided  as  far  as  possible  in  cases  of 
increased  tension.  When  tamponing  is  unavoidable,  the  protecting 
bandage  over  the  skin  flap  should  be  applied  tightly,  to  reenforce  the 
skin  approximation.  The  packing  should  be  removed  and  skin  stitches 
inserted  at  the  earliest  advisable  moment,  within  thirty-six  to  forty- 
eight  hours  if  possible. 

Abscess  drainage  should  be  led  directly  through  a  punctured  wound 
in  the  skin  flap,  so  that  the  suture  is  left  undisturbed.  This  drain 
should  be  tubular,  not  bulky,  therefore  allowing  much  less  chance  for 
subsequent  prolapse  than  does  tamponade.  The  tamponade  of  the 
subdural  space  in  abscess  is  the  chief  source  of  danger  from  prolapse 
in  such  cases,  since  it  can  only  be  removed  gradually,  when  we  feel 
certain  that  adhesions  have  formed  that  protect  the  space. 

Decompressive  trepanation  should  not  be  done  directly  over  a  tumor, 
particularly  a  rapidly  growing  one.  At  times  this  procedure  is  unavoid- 
able, because  we  cut  down  on  the  tumor  site,  hoping  to  be  able  to  re- 
move the  tumor,  and,  finding  it  impossible  to  eradicate,  we  are  forced 
to  turn  the  operation  into  a  decompression  in  order  to  relieve  the  symp- 
toms. But  if  we  have  an  osteoplastic  flap  of  such  shape  that  it  may  be 
returned  accurately  in  one  piece  to  the  cranial  defect,  and  if  the  patient's 
condition  is  sufficiently  good  to  allow  of  a  second  (leconij)ressive 
trephining  at  one  of  the  sites  of  election,  i.  e.,  subtemporal  or  suboccipital 
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(a  combination  of  circumstances  wliich  too  frequently  does  not  obtain), 
we  may  observe  the  rule  at  the  expense  of  prolonging  the  operation  and 
increasing  shock.  In  such  cases  a  point  in  technique  of  considerable 
value  is  to  make  the  dural  opening  at  the  base  of  the  galea  flap,  so  that 
there  may  be  a  certain  amount  of  overlapping,  which  will  keep  the 
prolapse  well  covered  when  it  does  occur,  and  also  to  a  certain  extent 
protect  the  skin  suture  line  while  it  is  healing. 

The  exertion  of  pressure  over  the  skin  flap  is  in  general  to  be  care- 
fully avoided,  but  becomes  a  necessity  when  prolapse  is  considerable 
and  increasing  and  threatening  to  result  in  a  fungus. 

When  a  fungus  has  actually  formed  (a)  it  must  be  kept  scrupulously 
clean,  fresh  dressing  being  applied  daily  with  careful  asepsis;  (h) 
pressure  must  be  applied  by  the  dressing  in  an  attempt  to  reduce  the 
swelling  or  at  least  to  keep  it  within  bounds;  (c)  tension  sutures  (silk- 
worm gut)  may  be  applied  to  draw  the  skin  flaps  together;  or  (d)  an 
attempt  may  be  made  at  a  plastic  closure  by  using  a  galea  flap,  but  the 
success  of  this  latter  procedure  is  always  doubtful  in  rapidly  develop- 
ing fungus.  Lastly,  (e)  excision  of  the  fungus  may  be  practised  to  keep 
it  within  bounds  or  from  becoming  infected.  It  is  remarkable  what 
large  areas  of  the  "silent  regions"  of  the  brain  may  be  remo^■ed  in  this 
way  without  producing  any  appreciable  symptom.  In  cases  of  doubt 
as  to  whether  to  excise  or  not  to  excise,  it  is  well  to  remember  that  it  is 
much  better  to  cut  away  such  a  portion  than  to  have  it  slough  away, 
with  the  consequent  dangers  of  local  and  meningeal  infection. 

5.  Escape  of  Cerebrospinal  Fluid. — Escape  of  cerebrospinal  fluid  in 
considerable  amount  through  the  wound  is  not  at  all  unusual.  If  it 
does  not  occur  through  the  wound  itself,  it  is  very  apt  to  trickle  through 
a  needle  puncture  somewhere  along  the  line  of  suture,  and,  once  started, 
it  may  be  very  persistent.  For  this  reason  I  make  it  a  practice  to  re- 
move the  stitches  as  early  as  possible  in  my  cranial  operations,  usually 
from  the  fifth  to  the  seventh  day,  if  the  wound  is  in  good  condition, 
and  apply  a  snug  dressing  for  a  few  days  after  the  stitches  have  been 
removed,  and  usually,  also,  collodion  and  tincture  of  benzoin  on  gauze 
to  the  suture  line. 

As  long  as  liquor  trickles  an^'^diere  through  the  wound,  careful 
aseptic  daily  dressing  must  be  continued,  and  during  the  day  the  outer 
dressings  must  be  renewed  by  the  nurse  or  interne  as  often  as  they  are 
saturated  with  the  discharge. 

The  sealing  of  the  line  of  suture  with  collodion  at  the  operation 
and  the  subsequent  daily  dressing  with  tincture  of  benzoin  or  collodion 
on  gauze  strip  is,  I  believe,  of  considerable  assistance  in  preventing  these 
small  leaks. 

When  a  leak  has  already  occurred,  it  is  not  much  use  to  try  to  put 
a  stitch  through  it.  New  portals  of  exit  are  too  apt  to  form  through 
the  needle  punctures. 

I  usually  cauterize  these  small  openings  daily  with  the  silver  nitrate 
stick  and  then  apply  gauze  strips  saturated  with  tincture  of  benzom, 
with  compression  by  the  dressing  or  adhesive  strips  over  that.  Prac- 
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tically  all  these  small  fistulas  yield  to  this  treatment  in  the  course  of  a 
week  or  two. 

Occasionally  the  closure  of  one  of  the  more  obstinate  and  persistent 
of  these  little  fistulas  may  be  accompanied  by  renewed  symptoms  of 
intracranial  pressure  of  low  degree,  headache,  malaise,  nausea,  etc.  A 
reopening  of  the  fistula  is  thereby  necessitated,  which  is  allowed  to 
persist  for  a  few  weeks  more,  and  is  then  closed  again  and  allowed  to 
remain  closed  as  long  as  the  patient  remains  free  from  pressure  symptoms. 

G.  Postoperative  Fever. — Postoperative  fever  may  be  considerable 
after  intracranial  operations  without  being  due  to  sepsis.  Whether 
these  higher  temperatures  are  "absorption  fevers,"  due  to  taking  up 
by  the  circulation  of  the  products  of  broken-down  brain  tissue,  or  to 
pressure  on  or  trauma  to  some  central  "heat  centre,"  it  is  difficult 
to  say.  At  any  rate,  a  temperature  of  103°  to  104°  F.,  for  a  day  or 
two  after  a  clean  operation,  does  not  mean  that  the  w^ound  must  be 
reopened,  or  that  the  patient  is  necessarily  in  a  serious  condition. 
Temperatures  of  101°  to  102°  F.  are  not  infrequent  during  the  first  few 
days  following  operations. 

Necrosis  of  the  bone  flap  after  osteoplastic  operations  is  occasionally 
a  factor,  probably,  in  these  postoperative  rises  in  temperature,  though 
by  itself  it  is  not  capable  of  producing  anything  above  a  low  grade  of 
fever. 

Necrosis  in  toto  or  in  magna  parte  of  the  bone  flap  is  unusual  and  can 
only  occur  when  the  bone  is  widely  denuded  of  its  periosteum,  or  when 
in  the  absence  of  flap  forceps  to  hold  the  osteoperiosteal  flap  to  the 
galea,  manipulation  of  the  tissues  causes  separation  of  the  galea  from 
the  bone,  something  that  is  likely  to  happen  to  any  operator  unless  his 
assistants  have  been  trained  to  look  out  and  guard  against  it,  or  when 
suppuration  is  present. 

'SLore  frequent,  but  still  unusual,  is  a  slight  discharge  of  particles 
of  bone  and  sand  when  edges  of  the  bone  flap  have  undergone  a  slight 
necrosis. 

But,  in  general,  bone  necrosis  is  a  very  slight  danger,  and  it  has  been 
known  for  many  years  that  isolated  bone  fragments  may  be  safely 
reimplanted  when  infection  and  undue  pressure  are  absent. 

7.  Effects  of  Excision  of  the  Cortex. — The  after  efi^ects  of  cortical 
excision  will  depend  chiefly  on  their  location  and  extent.  When  oc- 
curring in  the  sensorimotor  areas  they  will  leave  functional  defects 
behind  them.  When  occurring  in  the  so-called  silent  areas  they  usually 
will  not.  When  the  excision  of  cortex  is  not  combined  with  tumor 
removal  or  other  manipulation  of  the  brain,  as  is  typically  the  case  in 
the  treatment  of  Jacksonian  epilepsy,  the  defect  wnll  be  a  more  or  less 
sharply  defined  one,  varying  in  size  and  character  with  the  extent  and 
location  of  the  excision.  Since  the  excisions  for  Jacksonian  epilepsy 
are  usually  done  in  the  motor  areas  these  defects  will  usually  be  motor 
defects.  If  the  excised  area  be  small  the  defect  \\\\\  be  small,  as  a  rule, 
and  tend  to  become  speedily  compensated.  Larger  excisions  produce 
larger  defects,  which  tend  to  be  compensated  more  slowly,  if  at  all. 
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In  the  cases  in  which  there  are  i)reexistinfi;  f^ross  lesions  of  the  cortex 
which  are  removed  at  the  operation,  such,  for  example,  as  porcncephalv! 
cortical  necrosis,  tumors,  and  the  like,  only  relatively  small  additi(jiiai 
defects  may  appear  after  operation,  even  though  the  amount  of  excised 
tissue  may  have  been  large. 

The  full  effect  of  the  excision  does  not  develop  at  once,  but  gradually, 
as  a  rule,  iji  the  course  of  a  few  hours.  This  fact  may  be  especially 
well  demonstrated  in  the  cases  of  cortical  excision  which  are  done  as 
the  second  step  of  a  two-step  operation,  the  second  step  without  general 
anesthesia.  In  these  cases,  the  patient  remaining  fully  conscious  all 
tlie  time,  the  gradual  increase  of  the  defect  in  the  few  hours  following 
the  operation  may  often  be  very  definitely  demonstrated. 

If  the  lesion  be  in  the  motor  area,  a  hypotonic  paralysis  will  be  pro- 
duced, which  gradually  increases  in  extent  and  severity  for  the  first 
few  hours,  and  is  then  relatively  rapidly  followed  by  a  spastic  parah  sis, 
which  gradually  increases  on  the  succeeding  days  or  Aveeks.  If  the 
excised  area  be  small,  these  local  defects  may  be  gradually  compensated 
in  the  course  of  a  few  days  or  weeks,  as  the  case  may  be.  When  the 
excision  has  been  extensive,  however,  there  is  much  less  tendency  to 
compensation,  and  if  it  does  occur  at  all,  it  takes  a  much  longer  time. 
In  the  cases  in  which  the  excision  has  been  done  in  the  lower  part  of 
the  left  motor  area,  there  is  great  danger  of  Broca's  motor  speech  area 
being  involved,  with  consequent  motor  aphasia.  There  have  already 
been  enough  of  these  unfortunate  cases,  either  operative  accidents  or 
excisions  necessitated  by  Jacksonian  attacks,  beginning  in  the  lips, 
tongue,  or  about  the  mouth,  so  that  we  must  regard  Marie's  contention 
for  the  non-existence  of  the  pure  types  of  aphasia  as  definitely  over- 
thrown. It  now  can  be  stated  that  pure  lesions  of  Broca's  area  produce 
pure  motor  aphasia,  and  of  Wernicke's  area  pure  sensory  aphasia. 
The  lesions  of  Broca's  area  are  very  apt  to  be  combined  with  agraphia 
from  involvement  of  the  adjacent  hand  and  finger  centre;  and  the  lesions 
of  Wernicke's  area  are  likely  to  be  accompanied  by  alexia,  if  at  the  same 
time  the  connections  with  the  visual  area  in  the  occipital  lobe  be 
interrupted. 

The  defects  after  excision  of  the  sensory  areas  are  usually  less  marked 
than  those  after  the  motor  excision,  and  are  usually  more  quickly 
compensated.  The  disturbances  may  vary  from  slight  astereognosis 
to  complete  sensory  paralysis,  but  the  lesser  degrees  of  sensory  dis- 
turbances are  the  rule.  The  patients  notice  and  complain  of  these 
defects  much  less  than  they  do  of  those  of  motility. 

Occasionally  distant  symptoms  are  produced  by  the  apparent  involve- 
ment of  regions  away  from  the  part  excised.  These  distant  effects  are 
usually  explained  as  the  effect  of  the  cutting  of  commissural,  projec- 
tion, or  association  fibers  in  the  excision  of  the  cortex,  and  this  effect 
on  distant  regions  by  acute  local  processes  has  received  from  von 
Monakow  the  name  of  diaschisis.  On  a  somewhat  similar  basis  may 
be  explained  the  sudden  improvements  and  recoveries  which  sometimes 
occur  in  patients  who,  for  some  days  or  weeks,  showing  large  and  appar- 
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ently  hopeless  defects,  then  convalesce  with  surprising  rapidity.  Prob- 
ably such  symptoms  are  largely  th^  result  of  the  "local  shock"  of  the 
operation. 

In  some  cases  of  extensive  cortical  excision  of  large  extent  spastic 
contractures  may  ultimatel\'  develop,  especially  after  the  patient  has 
escaped  from  continuous  medical  observations.  These  contractures, 
in  my  experience,  may  always  be  avoided  by  proper  mechanical  and 
orthopedic  measures,  if  the  patient  remains  continuously  under  medical 
observation.  They  are  much  easier  to  prevent  in  advance  than  to  cure 
once  they  have  occurred.  The  treatment  of  deformities,  the  result 
of  neurological  lesions,  is  a  wide  field  in  itself  and  lies  beyond  the  scope 
of  our  present  article. 

When  the  cortical  excision  has  been  done  for  tumor,  granuloma,  or 
other  local  lesion,  and  particularly  when  there  are  local  defects  before 
the  operation,  these  local  defects  will  usually  become  much  more  marked 
after  the  operation,  and  are  more  apt  to  remain  as  permanent  defects 
than  are  those  of  simple  excision  of  the  cortex,  as  for  Jacksonian  epilepsy. 
A  continued  increase  of  the  defect  even  after  months  have  elapsed  speaks 
most  positively  for  the  continued  growth  of  the  tumor.  Before  that 
time  such  defects  are  usually  more  properly  ascribed  to  local  circulatory 
disturbances,  such  as  edema  and  softening,  or  to  diaschisis. 

BRAIN  PUNCTURE 

While  our  present  conception  of  the  technique  and  clinical  value 
of  brain  puncture  dates  from  the  publication  of  the  thorough  experi- 
mental and  clinical  study  of  Neisser  and  Pollock,  yet  Middledorpf, 
in  1856,  had  suggested  the  procedure  on  the  basis  of  experimental 
evidence.  Maas,  not  long  afterward,  insisted  on  its  use  as  a  preliminary 
step  in  the  operative  treatment  of  brain  abscess. 

In  this  country  Souchon,  in  1889,  developed  a  technique  from  animal 
experimentation.  Schmidt,  four  years  later,  pointed  out  the  surgical 
possibilities  of  the  procedure,  particularly  in  connection  with  the  treat- 
ment of  abscesses  of  otogenic  origin. 

Payr,  a  little  later,  extended  the  technique  to  include  the  harpooning 
of  brain  specimens  for  histological  examinations,  a  procedure  which 
has  found  little  favor  elsewhere,  and  justly  so,  on  account  of  the  very 
considerable  dangers  and  relatively  small  benefits  connected  with  it. 

The  Kocher  clinic,  as  early  as  in  1899,  had  a  well-developed  technique, 
which  was  published  by  Albert  Kocher,  and  does  not  difi'er  particularly 
from  that  at  present  in  use. 

One  year  before  Neisser  and  Pollock  published  their  work,  Nicholas 
Senn  published  a  case  of  internal  hydrocephalus,  which  he  had  treated 
by  connecting  the  subcutaneous  tissue  of  the  scalp  with  the  ventricle 
by  means  of  a  thin  rubber  drain,  using  at  the  same  time  elastic  com- 
pression of  the  skull.  This  method  of  ventricle  drainage  was  first 
used  by  G.  A.  Sutherland  and  Watson  Cheyne  (who  used  folded  lengths 
VOL.  II — 48 
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of  catgut  instead  of  rubber),  and  later,  though  published  earlier,  by 
Henle,  who  used  a  gold  tube. 

Since  the  appearance  of  the  paper  of  Neisser  and  Pollock,  the  method 
has  been  tried  extensively  and  has  comp  lo.  occupy  a  permanent,  if 
rather  limited,  field  of  surgical  usefulness. 

B.  Pfeifer  has  reported  the  experience  of  Wernicke's  clinic  at  Halle, 
and  F.  Krause  has  reported  his  experience  on  a  still  larger  material 
in  Berlin. 

Indications  for  Cerebral  Puncture.— For  diagnostic  purposes  brain 
puncture  is  at  present  done  chiefly  after  the  dura  has  been  exposed 
by  cranial  resection,  so  that  possible  hemorrhage  may  be  controlled 
and  purulent  fluid  be  walled  off  from  the  meningeal  spaces.  It  is  gen- 
erally employed:    (1)  to  locate  subdural  and  epidural  hematomata; 

(2)  to  locate  collections  of  pus;  (3)  to  locate  cj^sts  of  various  origins; 
(4)  to  locate  and  determine  the  character  of  brain  tumors — a  dangerous 
and  not  very  reliable  procedure,  but  still  used  by  F.  Krause. 

For  the  purposes  of  treatment  it  is  used  for  (1)  temporary  and  per- 
manent drainage  of  the  ventricles  in  internal  hydrocephalus,  acute 
and  chronic,  whatever  the  origin;  (2)  evacuation  of  pus  and  blood; 

(3)  evacuation  of  fluid  from  meningeal  space  and  lateral  ventricles 
to  diminish  pressure  before  decompression  or  exploratory  operations. 

Dangers  of  Brain  Puncture. — 1.  The  chief  danger  is  from  hemorrhage, 
which  is  naturally  very  much  less  when  the  puncture  is  done  in  connec- 
tion with  a  resection  of  the  cranium,  so  that  large  veins  can  be  avoided 
and  any  bleeding  promptl}^  seen  and  checked. 

In  the  use  of  the  puncture  through  a  small  trephine  opening  by  the 
method  of  Neisser  and  Pollock,  the  chief  danger  is  from  injury  to  the 
pial  veins  by  the  point  of  the  exploratory  needle.  Though  normally 
small,  in  diseased  conditions  they  are  often  greatly  dilated  and  the  walls 
are  at  all  times  very  fragile  and  delicate. 

The  dural  veins  are  injured  less  easily,  but  may  give  rise  to  very 
severe  hemorrhage  at  times. 

The  branches  of  the  middle  meningeal  artery  may  be  injured  during 
the  trephining,  but  are  more  easily  seen  and  the  hemorrhage  con- 
trolled by  ligation. 

Vascular  tumors  on  the  surface  and  in  the  tissue  of  the  brain  are  still 
more  dangerous  to  puncture,  e.  g.,  angiomata,  angiosarcomata,  etc.. 
may  exist,  which  may  easily  give  rise  to  fatal  and  unrecognizable 
hemorrhage. 

2.  Septic  infection  is  rarely  likely  to  be  carried  in  from  without, 
but  may  easily  infect  meninges  from  a  punctured  abscess  if  the  Neisser 
and  Pollock  puncture  is  done  without  walling  off  the  meningeal  space. 

3.  Tumor  infection  may  easily  be  carried  into  the  healthy  parts  of 
the  brain  by  the  exploring  needle  when  the  tumor  lies  superficially 
and  the  needle,  as  often  happens,  is  inserted  through  and  beyond  it. 

4.  Focal  symptoms  from  destruction  of  nerve  centres  are  avoided 
by  not  putting  in  the  needle  too  fleeply  (four  inches  is  the  limit  in  any 
direction,  and  5  to  0  centimeters  are  usually  far  enough). 
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Pons,  metlulla,  and  basal  ganglia  lie  so  deeply  that  there  is  rarely 
danger  of  striking  them.  Pnnctnre  in  the  motor  area  may  have  dis- 
agreeable after-effects,  as  in  a  case  of  F.  Kranse's,  which  was  followed 
by  temporary  arm  paralysis  and  severe  general  prostration  and  shock. 

5.  Sndden  collapse  from  diminution  of  intravenous  pressure  may 
occur  with  the  larger  collections  of  blood  and  pus,  but  it  is  especially 
apt  to  occur  in  the  evacuation  of  an  internal  hydrocephalus.  If  this 
happens  the  head  is  lowered  and  the  veins  filled  with  salt  solution  and 
adrenalin.  The  best  means  of  preventing  this  complication  is  slowly  to 
evacuate  the  fluid. 

6.  Acute  and  fatal  edema  of  the  brain  associated  with  great  increase 
of  intracranial  pressure  occasionally  follows  puncture  of  the  ventricles. 
We  have  seen  alarming  symptoms  develop  in  two  cases  operated  on  by 
us  when  exploration  was  being  carried  out.  Repeated  emptying  of 
the  lateral  ventricles  and  stimulation  restored  the  patient. 

Technique  and  Location  of  Brain  Punctures. — There  are  a  few  obvious 
rules  to  be  observed  which  makes  the  location  of  the  puncture  a  rela- 
tively simple  performance.  (1)  Avoid  bloodvessels,  (a)  Punctures  are 
not  made  near  the  midline  nor  near  any  of  the  venous  sinuses,  for 
fear  of  wounding  the  larger  bloodvessels  as  well  as  the  sinuses  them- 
selves (i.  e.,  transverse  sinus,  longitudinal  sinus,  sigmoid  sinus,  occipital 
sinus,  etc.)  (6)  Also  to  avoid  the  neighborhood  of  the  larger  blood- 
vessels, particularly  the  middle  meningeal  artery,  (c)  In  general, 
avoid  puncturing  through  a  small  opening  because  of  the  difficulty 
of  seeing  what  one  is  puncturing  and  of  recognizing  hemorrhage  promptly 
when  it  occurs,  {d)  Do  not  puncture  through  a  sulcus,  but  through 
the  convexitv  of  a  convolution,  because  the  vessels  run  in  the  sulci. 

2.  Explore  for  pus  through  the  lowest  possible  openings,  thus  securing 
the  best  possible  drainage  if  pus  be  reached. 

3.  Tap  hematomata  from  the  point  of  visible  injury  (unless  there 
are  other  focal  symptoms  and  the  visible  injury  is  slight). 

Technique  of  Simple  Puncture. — The  locality  of  the  puncture  is  shaved, 
washed  with  soap  and  gauze,  alcohol  and  bichloride,  1  to  1000.  Local 
anesthesia  is  usually  sufficient,  but  an  anesthetist  should  be  at  hand 
and  all  preparations,  as  a  rule,  should  be  made  for  a  flap  operation, 
if  it  becomes  necessary,  (a)  Freezing  with  ethyl  chloride,  or  (6)  infil- 
tration with  Schleich's  solution  (No.  1),  or  novocain  {h  per  cent,  with 
12  m.  of  adrenalin,  1  per  cent,  to  the  100  c.c.)  may  be  employed. 

A  small  semicircular  scalp  flap  may  be  made  or  the  drill  may  be 
pushed  directly  through  the  scalp  and  set  at  once  to  work  on  the  bone. 
If  I)e  Vilbiss'  trephine  is  to  be  used  it  is  best  to  make  a  small  flap. 

The  drilling  through  the  bone  should  then  be  done  in  the  direction 
in  which  the  needle  is  later  to  be  inserted  rather  than  at  right  angles 
to  the  bone.  A  metal  shoe  may  be  attached  about  the  shaft  of  the  drill 
(1  to  1.5  cm.)  so  that  it  will  not  suddenly  penetrate  the  bone  and  lacerate 
the  brain  beneath.  The  position  of  the  shoe  may  be  generally  changed 
as  the  drill  goes  farther  in.  When  the  bone  has  been  penetrated  the 
needle  should  be  inserted,  after  the  drill  is  removed,  and  the  scalp 
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should  be  held  fast,  free  of  the  bone,  at  each  side  of  the  opening  by  an 
assistant. 

It  may  happen,  especially  in  trephining  through  thick,  fleshy  parts, 
or  especially  in  fat  parts,  as  in  the  occipital  or  temporal  regions,  that  it 
becomes  impossible  to  locate  the  small  trephine  opening  with  the  needle 
point,  thus  necessitating  trephining  anew.  Tiie  needle  should  be  al)out 
G  inches  long,  graded  in  centimeters,  no  thicker  than  1.8  mm.,  and  pro- 
vided with  a  mandrin.  The  needle  should  be  attached  to  an  aspirating 
syringe  of  about  5  c.c.  (1  to  10  c.c.)  capacity,  and  provided  with  a  glass 
cylinder,  so  that  the  fluid  can  be  seen,  if  aspirated.  The  tip  of  the  needle 
is  then  inserted  through  the  dura  and  gently  advanced  in  the  desired 
direction  up  to  a  depth  of  5  or  6  centimeters,  depending  on  location. 


Fig.  81 


Cranial  puncture  points.  (Neisser  and  Pollock.)  Heavy  black  lines  are  the  craniometer  lines. 
Solid  black  points  indicate  puncture  areas  of  the  different  lobes.  Shaded  points  for  puncturing 
abscesses.  Fi,  F2,  F3,  puncture  points  for  frontal  lobe;  Tu  T2,  T3,  puncture  points  for  temporal  lobe; 
Occ,  puncture  point  for  occipital  lobe;  P,  puncture  point  for  parietal  lobe;  A",  K,  K,  puncture  point 
for  cerebellum  lobe;  P,  M,  mastoid  process;  0,  ext.  occip.  protuberance;  A^,  nasion  (gabella);  S,  V,  hno 
of  direction  of  precentral  sulcus  (anterior  diagonal  meridian);  S,  H,  posterior  diagonal  meridian; 
N,  0,  base  line;  A^,  L,  nasolambdoid  line;  0,  D,  juncture  of  upper  and  middle  third  of  the  cent  ml 
gyrus;  A'',  D,  juncture  of  lower  and  middle  third  of  the  central  gyrus. 

If  no  fluid  appears  the  aspirating  syringe  may  be  attached  and  gentle 
suction  exerted  as  the  syringe  is  withdrawn. 

If  fluid  is  not  found,  the  needle  is  cleaned  out  with  the  mnndrin 
and  then  inserted  in  a  new  direction.  It  should  never  be  moved  into 
a  difl'erent  area  of  the  brain  without  first  withdrawing  it  entirely  and 
also  examining  its  patency. 
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When  the  examination  has  been  eomph^ted  the  wound  is  washed 
otr  with  biehloride,  1  to  1000,  and  alcohol,  and  then  seak'd  with  collodion 
and  cotton.  A  stitch  or  two  may  be  necessary,  depentling  on  the  size 
of  the  opening  in  the  scalj). 

Puncture  of  the  Ventricles  by  Way  of  the  Corpus  Callosum. — The 
object  of  this  procedure  is  to  establish  a  permanent  connection  between 
the  ventricles  and  the  subdural  space  accompanied  with  as  little  damage 
as  possible  to  the  brain  and  without  having  to  leave  a  foreign  body 
in  the  form  of  a  tube  or  drainage  wicking  in  the  brain  substance. 
At  first  von  Bramann  made  a  flap,  4  centimeters  square,  beginning 
1  centimeter  to  the  right  of  the  sagittal  suture,  and  as  far  from  the 
frontal  suture.  The  dura  was  turned  to  the  side  as  a  flap.  The  arach- 
noid veins  emptying  into  the  longitudinal  sinus  on  the  right  side  were 
then  tied  off  and  the  right  hemisphere  separated  from  the  falx.  A 
sound-tipped  cannula  was  introduced  along  the  falx  in  the  direction  of 
the  precentral  sulcus.  Then  the  corpus  callosum  was  perforated  and 
the  sound  introduced  further,  until  liquor  made  its  escape.  By  moving 
the  cannula  forward  and  backward  from  1  to  1|  centimeters,  a  slit 
was  made  in  the  corpus  callosum  and  then  the  sound  removed,  the 
dura  closed,  and  bone  and  skin  flap  replaced  and  sutured. 

Since  his  first  publication,  Anton  has  simplified  his  procedure.  He 
makes  an  incision  3  centimeters  long,  somewhat  behind  the  bregma, 
and  a  little  to  the  right  of  the  middle  line.  The  periosteum  is  freed 
and  the  skull  opened  with  a  large  Doyen  burr.  The  sound  is  introduced 
through  a  small  hole  in  the  dura  and  passed  between  the  brain  and  the 
dura  until  it  meets  the  falx.  Then  it  is  passed  along  the  falx  until 
it  perforates  the  corpus  callosum.  The  procedure  is  then  completed, 
as  above.  In  case  the  large  fontanelle  is  still  open,  as  is  so  often  the 
case  in  hydrocephalus,  this  opening  is  used.  At  its  lateral  border  an 
incision  is  made  through  the  skin  and  periosteum,  the  dura  is  opened 
in  a  non-vascular  place,  and  the  procedure  completed  as  above. 

Hans  Willige,  Anton's  assistant,  has  still  further  simplified  the  pro- 
cedure by  using  Pfeiffer's  technique  for  brain  puncture.  A  thin  steel 
burr  driven  by  an  electromotor,  is  pushed  through  the  skin  and  galea. 
The  motor  is  started  and  the  skull  perforated  by  using  very  slight  pres- 
sure. Then  the  sound  is  inserted  under  the  dura  and  along  the  falx 
as  usual.  The  use  of  a  De  Vilbiss  drill  should  make  the  procedure  still 
simpler  and  easier  and  more  aseptic. 

The  aim  of  this  procedure  of  Anton's  is  to  allow  collections  of  fluid 
in  the  ventricles  to  escape  into  the  subarachnoid  space,  where  they 
will  usually  be  passed  on  further  or  absorbed.  That  this  absorption 
or  escape  does  not  always  occur,  however,  is  shown  by  the  case  of  Krause. 
Anton  recommends  his  procedure  in  all  cases  of  acute  and  chronic 
hydrocephalus,  including  those  complicating  epilepsy  and  brain  tumor. 
In  the  first  22  cases  operated  by  Bramann  and  reported  by  Anton, 
8  were  for  infantile  hydrocephalus,  11  for  tumors,  1  cysticerus,  and  1 
tower  skull.  There  was  no  death  in  the  series.  The  favoral)le  results 
obtained  were:  Improvement  of  vision  and  improvement  of  the  choked 
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disk,  disappearance  of  headache,  vomiting,  and  vertigo.  Tiie  removal 
of  the  compHcating  symptoms  due  to  tlie  hydrocephalus  allowed  tumor 
symptoms  to  make  themselves  better  manifest,  and  in  some  cases  made 
possible  their  correct  localization  and  removal.  Anton  also  recommends 
the  use  of  tlie  sound  to  determine  the  size  of  the  ventricles  and  the  con- 
sistency of  their  walls,  certainly  a  ticklish  and  uncertain  procedure. 
He  also  recommends  it  for  secondary  hydrocephalus  after  intracranial 
operations  when  the  prolapse  is  threatening  to  tear  open  the  wound. 

A  later  publication  contains  a  report  of  fifteen  additional  cases, 
with  good  tables,  showing  the  results.  Other  operators  do  not  seem 
as  yet  to  have  interested  themselves  much  in  the  procedure. 


BRAIN  TUMOR  TREATMENT  OTHER  THAN  SURGICAL 

Before  leaving  the  subject  of  the  treatment  of  brain  tumors,  mention 
should  be  made  of  some  of  the  non-surgical  measures  which  have  of 
late  been  advocated  for  the  cure  of  malignant  tumors. 

The  most  recent  and  also  the  most  promising  of  the  attempts  to  find 
a  medical  treatment  is  that  of  Wassermann.  After  a  long  series  of 
experiments  he  finally  discovered  in  the  salts  of  selenium  and  tellurium 
substances  which,  when  injected  into  the  blood  stream,  or  into  the  tumor 
itself,  produce  a  necrosis  of  the  tumor.  The  best  combination  so  far 
used  is  the  eosinate  of  selenium.  The  dose  is  2^  milligrams  for  a  mouse 
of  15  grams'  weight.  This  dose  is  given  daily  for  four  days.  At  the 
end  of  this  time  the  tumor  becomes  soft  and  fluctuating.  Two  to  four 
injections  are  given  later  in  order  to  insure  the  complete  liquefaction 
and  absorption  of  the  tumor.  The  mouse  cancers  thus  cured  over  several 
months'  time  were:  Three  varieties  of  the  Jensen  type;  one  type  of 
Schilling's,  one  of  Ehrlich's,  and  two  tumors  occurring  spontaneously 
in  the  laboratory  animals.  Unfortunately  the  large  doses  of  the  drug 
given  as  above,  and  necessary  for  the  curing  of  the  cancer,  were  in 
many  instances  fatal  to  the  mice,  and  especially  to  those  mice  which 
were  already  cachectic  from  advanced  cancer.  According  to  von 
Hansemann  the  action  of  the  drug  is  on  the  nuclei  of  the  cells  for 
which  it  has  a  special  chemical  affinity.  These  show  early  pyknosis  and 
disintegration.  The  rest  of  the  cell  then  dies  as  a  result  of  the  death  of 
the  nucleus.  No  leukocytes  invade  the  liquefied  masses  unless  there 
is  secondary  infection.  The  result  of  the  increased  absorption  of  chro- 
matin was  seen  especially  marked  in  the  spleen,  and  somewhat  less  in 
the  liver. 

This  work  of  the  Wassermann  school  is  still  too  recent  to  have  received 
confirmation  at  the  hands  of  other  workers.  It  does,  however,  seem 
to  offer  more  hope  of  success  in  this  line  than  anything  that  has  been 
suggested  since  Ilodenpyl's  experiment  at  Roosevelt  Hospital.  Perhaps 
it  may  not  turn  out  to  be  such  another  disaj^pointment.  It  must  be 
borne  in  mind,  however,  that  it  is  one  thing  to  cure  cancer  in  the  mouse 
and  quite  another  to  cure  it  in  the  human  being;  and  also  that  any  drug 
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producing  as  many  fatalities  in  man  as  this  drug  does  at  present  in 
mice  could  never  come  into  ver\'  general  use.  Loch,  of  St.  Louis,  claims 
similar  successes  by  the  use  of  colloidal  copper  injections. 

^'a^ious  other  more  or  less  toxic  substances  have  been  recommended 
or  used.  Von  Dungern  has  tried  crotalus  (snake  poison)  on  rat  sarcoma, 
with  favorable  results. 

Coley's  mixed  toxins  for  the  treatment  of  sarcoma  are  well  known, 
and  have  made  a  place  for  themselves  in  the  treatment  of  inoperable 
sarcoma,  which  the  profession  generally  recognizes.  He  has  recently 
reported  sixty-five  cures  of  his  own,  and  thirty  in  the  hands  of  other 
authors.    These  cures  vary  in  length  from  three  to  eighteen  years. 

Adamkiewicz's  cancroidin  and  Schmidt's  antimeristem  have  also 
achieved  some  foreign  reputation  in  the  treatment  of  cancer.  Two 
recent  papers  report  results  with  the  latter. 

A'-rays,  radium,  and  fulguration  practically  do  not  come  into  consid- 
eration in  the  treatment  of  intracranial  tumors. 

Czern}^  and  Caan  and  lately  Noehte  have  used  salvarsan  in  the  same 
connection,  but  wdthout  any  really  gratifying  results. 

The  entire  subject  of  experimental  cancer  treatment  has  been  lately 
reviewed  by  C.  O.  Jensen,  to  whose  paper  may  be  referred  those  who 
want  more  details  of  this  recent  work  and  a  more  comprehensive 
literature. 

SURGERY  OF  THE  SPINAL  CORD 

The  spinal  cord  presents  difficulties  of  attack  scarcely  less  than  in 
the  casQ  of  the  brain,  owing  to  its  deep-lying  bony  box.  The  prospects 
of  operative  success  are,  however,  somewhat  better  because  of  the  more 
accurate  topical  diagnosis  here  possible;  but  the  possibility  of  complete 
recovery  is  somewhat  less  because  of  the  delicate  construction  of  the 
cord  and  because  none  of  the  areas  injured  are  "silent  areas." 

Spinal  Puncture. — Although  the  chemical  and  phj'sical  characters 
of  the  spinal  fluid  in  health  and  disease,  its  origin  and  movements, 
have  been  studied  in  animals  and  man  since  Cotugno's  time  (1769),  it 
is  only  of  recent  years  (Quincke,  1891)  that  we  have  been  able  to  use 
it  for  diagnosis  and  therapy. 

Indications. — ^The  chief  indication  for  the  performance  of  lumbar 
puncture  occurs  in  connection  with  eye  symptoms  is  meningitis  in  its 
various  forms.  Here  the  puncture  is  an  invaluable  diagnostic  aid  and 
likewise  an  important  aid  to  therapy.  All  other  indications  are  very 
infrequent  when  compared  with  meningitis,  the  presence  of  which  can 
be  diagnosticated  and  its  varieties  differentiated  by  examination  of 
the  spinal  fluid  obtained. 

Drainage  of  pus  and  irrigation,  to  a  slight  extent,  may  be  practised 
by  means  of  the  puncture,  but  much  more  important,  from  a  therapeutic 
standpoint,  is  the  injection  of  the  Flexner  serum  into  the  subarachnoid 
space  in  cases  of  epidemic  meningitis. 

Intrameningeal  hemorrhage  may  also  be  diagnosticated  by  the 
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Spinal  puncture.   Relations  between  the  lumbar  spines  and  crests  of  the  ilia  shown  by  the  transverse 

line. 


Fia.  83 


Method  of  puncture  for  spinal  drainage.   A,  Quincke's  site;  B,  Marfan'a  site;  C,  Chipaulfs 
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puncture,  but  always  has  an  element  of  doubt,  inasmuch  as  a  vessel 
wounded  by  the  needle  may  lead  to  a  similar  finding,  although  in  the 
latter  instance  the  blood,  as  a  rule,  is  redder  than  in  the  former,  and 
less  diffusely  distributed  through  the  fluid,  being  usually  more  marked 
in  the  first  few  drops  than  in  the  last. 

Fra.  84 


Topographical  relations  for  spinal  puncture,  according  to  Tuffier.  The  line  joining  the  crests  of 
the  ilia  passes  directly  over  the  spinous  process  of  the  fourth  lumbar  vertebra.  The  needle  is  inserted 
just  above  the  spinous  process  to  reach  the  third  interspace,  or  below  it  to  reach  the  fourth. 

Increased  intracranial  pressure,  whether  due  to  tumor  cerebri, 
hydrocephalus,  hemorrhage  or  meningitis,  may  often  be  diagnosticated 
by  the  increased  pressure  of  the  spinal  fluid,  which,  normally  flowing 
60  m.  per  minute  from  the  needle,  may  fairly  spurt  out  when  pressure 
is  high.  The  normal  pressure  is  5  to  7.5  mm.  of  mercury,  or  GO  to  100 
mm.  water,  which  may  be  increased  under  pathological  conditions  to 
15  to  60  mm.  of  mercury,  or  200  to  800  mm.  of  water. 

In  the  last  few  years  the  cytological,  chemical,  and  biochemical 
examinations  of  the  spinal  fluid,  as  obtained  hy  spinal  puncture,  have 
assumed  great  importance  in  the  diagnosis  of  syphilis  and  para- 
syphilides. 

The  mononuclear  leukocytosis,  excessive  presence  of  globulin,  the 
Wassermann  and  Noguchi  tests  have  made  the  difl'erentiation  of  the 
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parasyphilides  from  syphilis,  and  both  from  non-syphilitic  affections, 
much  more  accurate. 

Other  less  important  indications  are  derived  from  the  presence  in  the 
spinal  fluid  of  an  excess  of  urea  in  uremia,  and  the  presence  of  choles- 
terin  and  cholin  in  cases  of  various  degenerative  process  of  the  central 
nervous  system. 

Therapeutic  Indications  of  Spinal  Puncture. — The  application  of  therapy 
by  means  of  spinal  puncture  is  always  associated  with  danger  to  life. 
The  evacuation  of  fluid,  whether  it  be  normal,  purulent,  or  hemorrhagic, 
always  entails  some  risk  of  allowing  the  medulla  to  sink  into  the  foramen 
magnum  and  become  incarcerated  there,  to  the  detriment  of  its  vascular 
supply.  The  central  canal  and  subarachnoid  space  may  also  become 
blocked,  thus  leading  to  an  acute  hydrocephalus  or  pyocephalus,  as 
the  case  may  be. 

To  avoid  this  danger  only  a  small  amount  of  fluid,  usually  20  to  40  c.c, 
should  be  evacuated  at  one  time,  and  the  patient  should  be  placed  in 
the  lateral  and  not  in  the  sitting  position  during  the  procedure. 

The  evacuation  of  the  pus  in  meningitis  by  spinal  puncture  is  not 
of  much  therapeutic  value.  Puncture  is  of  importance  here  chiefl}^ 
because  it  enables  us  to  introduce  Flexner's  antimeningococcic  serum 
directly  into  the  subarachnoid  space.  For  this  serum  injection  the  needle 
is  introduced  in  the  ordinary  way,  a  few  drops  of  fluid  allowed  to  escape, 
and  then  the  serum  is  injected  through  the  needle  20  to  100  c.c.  The 
procedure  may  be  repeated  every  day  until  convalescence  begins.  The 
unanimous  enthusiasm  of  clinicians  over  the  whole  world  proves  the 
great  value  of  this  procedure.  By  it  the  mortality  of  the  scourge  has 
been  reduced  from  75  to  25  per  cent,  whenever  it  has  been  used.  It 
is  a  great  discovery  of  which  America  may  well  be  as  proud  as  France 
is  of  Behring's  serum. 

The  treatment  of  increased  intracranial  tension  by  lumbar  puncture 
had  considerable  vogue  to  within  the  last  few  years.  Gushing  has  laid 
such  emphasis,  however,  on  the  danger  of  medullary  hernia  into  the 
foramen  magnum  in  such  cases,  and  there  have  been  so  many  such  cases 
reported,  that  it  would  hardly  be  justifiable  at  the  present  writing  to 
adopt  such  a  procedure,  in  view  of  the  excellent  results  now  obtained 
by  cranial  procedures. 

Technique  of  Spinal  Puncture. — Quincke  recommended  that  the  punc- 
ture be  made  between  the  second  and  third,  or  third  and  fourth 
vertebrae.  I  nearly  always  use  the  latter  location  because  of  the  readi- 
ness with  which  it  is  found  by  drawing  a  line  between  the  crests  of  the 
ilia.  This  line  passes  over  the  fourth  lumbar  spinous  process  and  just 
above  it  I  insert  the  needle. 

Many  clinicians  recommend  that  the  puncture  be  made  in  the  mid- 
line. I  prefer,  however,  to  enter  the  needle  one-half  to  one  centimeter 
to  one  side  of  the  median  line,  as  originally  proposed  by  Quincke, 
in  order  to  avoid  going  througli  the  tough  Hgamentum  interspinosum. 

The  needle  can  also  be  inserted  between  the  fourth  and  fifth  vcrtebrii? 
or  between  the  fifth  vertebra  and  the  sacrum,  and  it  is  not  improbable 
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that  in  an  occasional  instance  pathological  constituents  of  the  spinal 
fluid,  which  have  settled  to  the  lowermost  part  of  the  subarachnoid 
space,  may  be  found  here,  though  missed  on  puncture  at  the  usual 
location.  Such  an  occurrence,  however,  is  certainly  very  rare  and  is 
not  a  practical  consideration. 


Fig.  85 


Diagram  of  lumbar  puncture.    T-shaped  glass  tube  for  combined  drainage  and  estimation  of  the 

pressure  of  the  spinal  fluid. 

The  needle,  once  entered  in  the  skin  just  outside  the  midline,  is 
pushed  inward,  slightly  upward,  in  adults,  horizontally  in  children, 
and  medianward.  The  dura  is  reached  at  a  depth  of  four  to  six  centi- 
meters in  adults,  or  of  two  centimeters  in  a  two-year-old  child.  If  the 
tip  of  the  needle  engages  bone  at  the  first  attempt,  withdraw  a  little, 
change  the  direction  and  try  again.  • 

The  position  of  the  patient  during  the  puncture  should  be  the  lateral 
recumbent,  with  the  spinal  column  flexed  to  a  maximum,  in  order  to 
enlarge  the  posterior  intervertebral  aperture. 

I  prefer  the  recumbent  to  the  sitting  posture  because  I  believe  that 
there  is  less  danger  of  cerebral  vascular  disturbances  or  hernia  of  the 
medulla  into  the  foramen  magnum  in  the  lying  position. 

When  the  spinal  fluid  runs  out  it  is  caught  in  a  sterile  test-tube. 
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The  rate  of  flow  and  incidentally  the  pressure  of  the  spinal  fluid  is 
determined  by  counting  the  drops  as  they  flow  from  the  end  of  the  needle 
The  normal  rate  of  flow  is  about  60  drops  per  minute.  More  tlian  this 
number  means  increased  spinal  and  consequently  increased  intracranial 
tension.  Occasionally,  when  the  pressure  is  very  high,  the  fluid  may 
flow  in  a  continuous  stream  instead  of  in  drops.  A  number  of  drops 
less  than  sixty  per  minute  indicates  either  hypotension  or  partial  plug- 
ging of  the  needle. 

The  needle  should  be  withdrawn  as  soon  as  the  pressure  falls  to 
normal.  As  a  rule  it  is  safe  to  stop  somewhat  before  normal  in  view 
of  the  ever-present  danger  of  hernia  of  the  medulla  into  the  foramen 
magnum. 

It  seems  hardly  necessary  to  state  that  the  needles  should  be  steril- 
ized by  boiling  in  1  per  cent,  sodium  carbonate  solution,  and  the  skin 
sterilized  by  some  one  of  the  accepted  methods.  Simple  disinfection 
with  95  per  cent,  alcohol  or  painting  on  of  tincture  of  iodine,  according 
to  Grossich,  is  sufficient. 

An  anesthetic  of  any  sort  is  usuall}^  not  necessary,  although  it  may  be 
desirable  at  times  to  anesthetize  the  skin  with  the  ethyl  chloride  spra3^• 

The  examination  of  the  spinal  fluid  is  more  appropriately  discussed 
in  one  of  the  standard  text-books  on  laboratory  diagnosis,  such  as 
Webster's  Diagnostic  Methods,  Blakiston,  1909;  Wood's  Clinical 
Chemistry,  Appleton,  1905;  Sahli's  Klinische  Untersuchungs-Methoden, 
F.  Deuticke,  Wien,  1909. 

One  of  the  more  recent  text-books  is  advisable,  since  otherwise  the 
important  new  biochemical  reactions  of  the  spinal  fluid,  like  the  Was- 
sermann,  Noguchi,  and  Nonne-Apelt  will  be  missing. 

Technique  of  Laminectomy. — Preparation  of  the  Patient. — ^Although 
the  Grossich  iodine  preparation  has  given  us  a  potent  aid  in  emergency 
cases  I  do  not  yet  feel  certain  enough  of  its  efficiency  to  use  it  in  other 
cases,  save  when  a  preliminary  preparation  has  been  done  on  the  pre- 
vious day.  I  lay  great  stress  on  having  the  tincture  of  iodine  as  fresh 
as  possible  when  I  do  use  it.  It  should  not  be  over  a  week  old  and  should 
always  be  made  up  according  to  the  directions  of  the  new  pharmacopoeia, 
that  is,  containing  7.5  per  cent,  of  potassium  iodide.  Patients  with 
spinal  cord  lesions  are  especially  liable  to  develop  trophic  disturbances 
on  pressure  points,  especially  on  the  back;  and  these  lesions  may  develop 
from  bullae  which  have  arisen  after  the  use  of  a  too  old  tincture  of  iodine. 
This  bulla  formation  is  probably  due  to  the  hydriodic  acid  contained 
in  the  old  tincture.  This  acid  content  may  reach  as  high  as  1  per  cent, 
in  some  of  the  old  tinctures,  made  according  to  the  previous  pharraa- 
copceial  formula,  without  potassium  iodide.  The  action  of  the  hydriodic 
acid  on  the  skin  is  probably  a  little  more  severe  than  that  of  hydro- 
chloric acid.  In  cases  in  which  we  use  the  iodine  I  always  wash  off 
the  excess  with  alcohol  as  soon  as  the  operation  is  completed  and  the 
skin  sewed  up. 

Position  of  the  Patient.— The  patient  is  made  to  lie  on  the  table 
face  downward,  with  a  sandbag  under  each  shoulder  and  a  soft  cushion 
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under  the  abdomen,  so  as  to  arch  the  back  somewhat.  By  thus  raising 
the  shoulders,  thoracic  respiration  is  left  relatively  free,  and  the  heart 
action  is  not  impeded  by  pressure  against  the  table.  The  back  is  not 
quite  so  well  arched  in  this  posture  as  it  is  with  the  patient  lying  on 
his  side,  but  by  using  a  well-padded  pillow  under  the  abdomen  there 
is  generally  no  trouble  in  getting  good  operative  access  to  the  cord. 

The  advantages  of  this  position  over  the  lateral  position  are:  (1) 
The  patient  lies  more  rigidly  on  the  table,  a  matter  of  importance  in 
fracture  and  dislocation  cases;  and  it  is  easier  to  get  him  on  and  off 
the  table  without  disturbing  the  alignment  of  the  vertebrje  than  it  is 
when  the  lateral  position  is  used.  (2)  The  operator  and  his  assistants 
work  more  easil}''  and  advantageously  than  in  the  side  position.  It 
is  also  easier  to  secure  good  illumination  in  the  bottom  of  the  wound. 
(3)  A  plaster-of-Paris  retaining  splint  applied  to  this  position  can  be 
more  accurately  adjusted  to  the  contour  of  the  back,  and  will  be  more 
comfortable  to  the  patient  as  he  lies  in  bed. 

Narcosis. — We  always  use  ether  by  the  drop  method,  often  preceded, 
fifteen  minutes  before  the  operation,  by  a  hypodermic  of  |  grain 
morphine  and  yto  grain  atropine. 

The  method  of  local  anesthesia  by  0.5  per  cent,  novocain  and  1  per 
1000  adrenalin  (15  minims  of  adrenalin  solution  to  100  c.c.  of  novocain 
solution),  which  H.  Braun  originated  and  which  is  highly  recommended 
bv  Prof.  Bier  and  Krause,  we  mention  onlv  to  condemn.  It  is  out  of 
line  with  practice  in  our  countr}^  Its  use  abroad  we  believe  is  due  solely 
to  the  fact  that  Germans  are  practically  unacquainted  with  the  good 
routine  use  of  ether  by  the  drop  method.  With  them  general  anesthesia 
usually  means  the  use  of  the  Billroth  mixture,  chloroform,  or  ether  by 
the  so-called  "  Etherrausch"  or  suffocation  method.  The  reason  that 
spinal  anesthesia  and  local  anesthesia  have  so  large  a  present  vogue 
on  the  continent  is  due  to  the  fact  that  the  externes,  usually  junior  and 
senior  students  who  administer  the  general  anesthetics,  use  with  little 
experience  the  most  dangerous  anesthetics. 

The  Incision. — We  alwa^'S  use  the  straight  median  incision.  The 
flap  method,  with  and  without  osteoplastic  resection  of  the  arches, 
we  tried  for  a  time  some  j-ears  ago.  We  found  it  a  very  different  pro- 
cedure on  the  living  from  what  it  is  on  a  cadaver.  Accurate  reposition 
of  the  flap  is  usually  impossible  and  healing  is  much  slower  than  with 
the  older  and  better  technique.  It  is  safe  to  state,  we  believe,  that 
the  great  majority  of  prominent  operators  now  use  the  longitudinal 
incision. 

The  spinous  process,  which  is  to  be  the  middle  of  the  incision,  is  marked 
at  the  last  examination,  before  operation,  with  a  silver  nitrate  stick, 
slightly  moistened.  To  the  mark  thus  made  is  applied  a  sponge,  wet 
in  photographic  developer.  Such  a  mark  can  be  obliterated  only  by 
repeated  scrubbings  and  is  usually  present  for  many  days. 

The  length  of  the  incision  will  depend,  of  course,  on  the  number  of 
arches  to  be  resected.  It  is  not  necessary  to  make  a  long  incision  at 
first,  because  the  longitudinal  incision  always  admits  of  extension  in 
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either  direction.  This  is  an  advantage  which  the  flap  operation  does 
not  possess. 

Operative  Technique.— The  wound  is  held  apart  by  retractors.  Tiie 
fasciie  and  muscles  of  the  back  are  separated  horn  the  spinous  processes 
down  to  the  neural  arches,  using  a  large  flat  chisel  in  preference  to  a 
periosteotome.  The  separated  muscles  are  promptly  covered  with 
towels  wrung  out  of  hot  salt  solution.  Deep  retractors  applied  over 
the  towels  hold  the  wound  open.  The  heat  and  pressure  soon  control 
all  hemorrhage  from  the  sides  of  the  wound  without  the  necessity  of 
applying  any  clamps  or  ligatures  at  all.  The  speed  of  the  operation 
is  thus  greatly  accelerated  and  the  wound  opening  is  not  littered  up 
with  artery  snaps,  wdiich  obstruct  the  view  and  retard  the  operator. 
This  use  of  towels  or  dressings,  wrung  out  of  hot  salt  solution,  is  our 
practice  whenever  an  incision  is  made  through  large  masses  of  muscle. 
It  is  indispensable  for  rapid  bloodless  work  in  the  radical  treatment 
of  carcinoma  of  the  breast,  and  but  little  less  valuable  in  laminectomv. 
It  is  much  preferable  to  tamponing  the  wound,  as  recommended  by 
Krause,  in  that  it  stops  hemorrhage  fully  as  well  as  the  tampon  and 
necessitates  no  pause  in  the  operation.  The  periosteum  is  next  stripped 
from  the  posterior  surfaces  of  the  neural  arches  lateralward.  If  there  is 
then  a  large  enough  space  betweeen  the  arches,w^e  slip  a  DeVilbiss  forceps, 
with  an  extra  long  shank,  in  between  them,  and  cut  them  through  just 
as  we  cut  through  the  skull.  When  there  is  not  room  enough  for  the 
forceps  we  make  a  trephine  opening  through  the  arch  with  a  Hudson 
or  De  Vilbiss  burr.  Through  this  trephine  opening  we  insert  the  De 
Vilbiss  forceps  and  cut  the  arches  in  both  directions  as  far  as  necessray. 
The  same  procedure  is  then  repeated  on  the  opposite  side.  In  the 
upper  thoracic  and  in  the  sacral  region  we  sometimes  use  the  Doyen 
saw  in  place  of  the  De  Vilbiss  forceps  on  account  of  the  rapidity  with 
which  the  arches  may  be  divided  by  it  in  these  regions.  In  the  concave 
portions  of  the  column,  the  cervical  and  lumbar  regions,  the  use  of  the 
saw  is  not  practicable. 

The  spinous  processes  thus  cut  free  are  separated  from  their  connec- 
tions above  and  below  with  the  remaining  spinous  processes.  They 
are  loosened  from  the  spinal  dura  by  blunt  force.  The  spinal  dura  then 
lies  free  in  the  bottom  of  the  wound,  covered  by  epidural  fat  and  a  plexus 
of  small  veins.  These  superficial  structures  are  separated  in  the  mid- 
line and  pushed  to  either  side. 

The  restoration  of  the  bony  arches  by  the  replacement  of  the  bone 
fragments  does  not  appear  to  us  essential.  Therefore,  no  attempt 
is  made  at  this  stage  to  form  an  osteoplastic  flap. 

The  dura  is  carefully  inspected  and  palpated.  Normally,  it  usually 
shows  pulsation,  either  synchronous  with  respiration  or  with  the  pulse, 
or  with  both;  but  there  are  frequent  normal  exceptions. 

If  the  exposure  is  not  free  enough  at  first  the  sides  of  the  arches  are 
removed  with  a  rongeur  forceps.  It  is,  in  fact,  nearly  always  a  good 
plan  to  cut  away  the  arches  practically  up  to  the  articular  and  trans- 
verse processes,  thus  opening  the  operative  field  to  its  maximum  extent. 
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Tumors,  blood  clots,  bone  fragments,  and  pus  are  then  dealt  with 
according  to  methods  which  we  s\}£i\\  discuss  later  under  the  title  of 
Special  Procedures. 

If,  however,  the  lesion  be  not  discovered  at  once  after  the  fullest 
possible  exposure  of  the  field  our  next  recourse  is  to  probe.  A  blunt 
and  somewhat  flattened  flexible  probe  or  a  Braantz  sound  is  used. 
The  dura  is  gently  separated  from  the  bone,  upward,  then  downward, 
and  then  anteriorly.  Special  care  must  be  taken  to  avoid  injuring  the 
spinal  roots.  If  any  abnormal  resistance  be  found,  its  location  is  exposed 
by  further  resection,  inspected  and  palpated. 

If  external  inspection  and  palpation  give  a  negative  result  the  dura 
must  be  opened.  The  opening  is  made  by  a  longitudinal  median  incision, 
the  dura  being  held  up  betw^een  blunt  forceps,  just  as  is  the  peritoneum 
when  incised.  Incision,  once  made,  is  extended  the  full  length  of  the 
operation  wound,  using  scissors  wdth  a  grooved  director  as  a  guide. 
The  cord  is  next  carefully  inspected  and  very  gently  palpated. 

To  minimize  the  loss  of  liquor  in  opening  the  dura  we  usually  tuck 
simply  a  little  gauze  betw^een  the  dura  and  the  bone,  at  the  upper  end 
of  the  wound.  By  so  doing  the  loss  of  liquor  is  greatly  diminished  and 
no  damage  done  to  the  cord,  nor  does  the  tampon  interfere  materially 
with  the  intradural  use  of  the  exploring  sound,  since  it  may  be  readily 
dislodged  if  too  tight.  To  pass  a  ligature  extradurally  entirely  around 
the  cord  in  order  to  prevent  a  loss  of  spinal  fluid  (Sick's  procedure) 
we  believe  to  be  a  dangerous  undertaking.  The  nerve  roots  are  jeop- 
ardized in  the  passing  of  the  cord,  and  the  integrity  of  the  cord  itself 
is  threatened  with  the  ligature  tied,  the  degree  of  tautness  necessary 
to  stop  the  flow  of  liquor  approaching  dangerously  near  to  that  which 
overcompresses  the  cord.  We  have  yet  to  see  a  case  develop  serious 
S3'mptoms  from  loss  of  spinal  fluid  when  the  tampon  alone  was  used. 

If  inspection  and  palpation  of  the  cord  does  not  reveal  the  sought- 
for  lesion,  our  next  step  is  to  probe  intradurally,  upward,  downward, 
and  even  anteriorly.  At  both  sides  of  the  cord  the  sound  is  apt  to  lodge 
in  the  ligamentum  denticulatum,  which  must,  therefore,  be  avoided 
and  must  not  be  confused  with  the  resistance  caused  by  a  tumor  or 
other  lesions.  At  this  stage  of  the  operation  it  is  often  a  valuable 
thing  to  have  the  indelible  mark  of  silver  nitrate  on  the  skin.  By 
reconstructing  the  spinous  process  which  this  marks,  we  have  a  valuable 
landmark  always  at  hand,  which  may  be  no  small  help  to  us  in  searching 
for  the  lesion  and  in  determining  in  w^hich  direction  further  operative 
exposure  shall  be  made  in  case  w^e  fail  to  find  the  lesion  in  that  section 
of  cord  already  examined. 

The  opening  of  the  dura  must  be  carefully  performed  in  order  not 
to  overlook  a  localized  meningitis  serosa.  If  this  condition  be  present 
it  will  then  be  visible  only  as  a  thin,  transparent  membrane,  bulging 
up  through  the  incision  in  the  dura.  This  membrane  promptly  collapses 
when  incised,  extruding  the  contained  fluid,  and  is  thereafter  identified 
only  with  much  difficulty.  When  a  meningitis  serosa  is  found  the 
operator  must  not  be  satisfied,  however,  merely  to  have  found  it. 
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but  must  also  look  farther  to  find  the  cause  for  it,  if  possible,  such  as  a 
tumor  lying  lower  in  the  cord  or  dura  and  obstructing  the  passage  of 
liquor,  inflammation  in  the  bone  or  dura,  and  the  like. 

Save  in  exceptional  cases  the  lesion  sought  for  will  have  been  found 
when  the  operation  has  been  carried  thu»  far.  If,  however,  the  lesion, 
is  not  found,  failure  will  have  been  due  to  one  of  three  causes:  (1)  the 
lesion  lies  inside  the  cord  and  causes  no  appreciable  increase  in  the  cord's 
bulk  or  consistence;  (2)  the  diagnosis  as  to  the  localization  or  the  char- 
acter of  the  lesion  is  at  fault;  (3)  a  meningitis  serosa  has  been  overlooked 
by  the  operator,  who,  either  on  opening  the  dura,  or  subsequently 
on  passing  the  probe,  has  perhaps  noticed  a  sudden  gush  of  fluid  but 
nothing  more.  In  case  the  lesion  lies  inside  the  cord  the  treatment 
to  be  followed  varies  according  to  its  probable  character.  In  general, 
if  no  change  in  the  cord  can  be  found  on  palpation  and  inspection, 
it  is  probable  that  the  lesion,  even  if  present,  is  not  amenable  to  sur- 
gical treatment.  In  fact,  many  operators  advise  against  any  further 
attack  on  the  cord. 

In  some  cases,  however,  one  or  more  longitudinal  incisions,  made  into 
the  cord  at  this  juncture,  have  revealed  the  presence  of  a  tumor  or 
some  other  removable  lesion.  In  some  cases  such  tumors  have  been 
removed  successfully,  or  have  been  extruded  spontaneously  after  the 
incision  into  the  cord.  That  such  longitudinal  incisions  into  the  spinal 
cord,  as  a  rule,  do  no  serious  injury  to  the  structures  of  the  cord  is  very 
probable  from  the  work  of  A.  R.  Allen.  In  the  use  of  such  deep  incisions 
as  he  makes  (he  even  cuts  clear  through  the  cord  in  a  longitudinal 
direction)  we  cannot  concur.  Such  incisions,  of  necessity,  must  cut 
decussating  fibers,  if  carried  deeply,  and  will,  therefore,  produce  symp- 
toms easily  demonstrable  in  man,  even  if  they  are  not  in  the  dog. 

Postoperative  Treatment. — When  the  lesion  sought  for  has  been  found 
and  removed,  or  otherwise  treated,  the  wound  is  cleansed  with  normal 
salt  solution  and  the  dural  opening  closed  with  a  continuous  suture 
of  fine  cat-gut.  The  wound  is  again  washed  out  vnth  a  normal  salt 
solution  and  the  fasciae  and  muscles  of  the  two  sides  are  united  with 
buried  continuous  sutures  of  catgut.  The  skin  is  sutured  with  silkworm 
gut,  then  cleansed  with  bichloride  and  alcohol.  Tincture  of  benzoin 
is  applied  to  the  wound,  allowed  to  dry,  and  silver  foil  is  laid  over  it. 
On  the  top  of  the  foil  a  few  layers  of  gauze  are  placed  and  fastened  with 
adhesive  plaster  strips.  A  combination  dressing  is  laid  over  this  and 
held  in  place  with  the  binder. 

When  the  plaster-of-Paris  retention  dressing  is  necessary,  as  in  frac- 
ture and  dislocation  cases,  sterile  sheet  wadding  is  laid  over  the  com- 
bination dressing  and  covers  the  entire  back,  usually  from  the  occiput 
to  the  middle  of  the  buttocks.  A  moulded  plaster-of-Paris  dressing  is 
then  applied  over  the  wadding,  and  is  strengthened  with  reenforcing 
strips,  especially  over  the  neck  and  small  of  the  back.  This  plaster 
bed  is  allowed  to  harden  somewhat  and  the  edges  are  trimmed  up  to 
fit  comfortably  to  the  patient.  After  the  cast  has  dried  fairly  well  a 
coating  of  flexible  collodion  or  shellac  is  applied,  the  patient  is  replaced 
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in  the  cast,  which  is  bound  firmly  to  him  by  roller  bandages.  He  may 
then  be  turned  over  on  his  back,  put  on  a  cart,  and  taken  back  to  his 
room.  The  cast  is  a  great  aid  in  subsequently  moving  and  handling 
him,  and  protects  him  during  these  manipulations.  In  trimming  it, 
allowance  must,  of  course,  be  made  for  the  use  of  the  bed-pan.  In 
cases  in  which  the  injury  to  the  spinal  column  lies  in  the  cervical  region 
it  is  often  well  to  envelop  the  whole  head  in  the  case,  the  dressing  being 
applied  while  the  head  is  in  extension.  The  cast  must  then  be  closely 
fitted  about  the  shoulders  and  pelvis  in  order  to  maintain  this  extension. 
A  jury-mast  attachment  is  best  used  when  an  entire  body  cast  can  be 
applied.  Further  details  along  this  line  may  be  obtained  in  any  good 
orthopedic  text-book. 

In  cases  in  which  the  bodies  of  the  vertebrae  and  the  transverse 
processes  are  intact  no  such  retention  dressing  is,  of  course,  necessary. 
The  patient  is  simply  put  to  bed  on  his  back,  is  turned  from  time  to 
time,  and  w^atched  to  prevent  the  development  of  bed-sores. 

If  the  pulse  be  too  rapid,  if  the  patient  seems  to  be  in  shock,  or  has 
lost  much  spinal  fluid,  normal  salt  solution  is  given  hypodermically,  or 
intravenously,  as  the  case  demands.  We  often  add  a  drop  of  adrenalin 
to  the  pint  of  salt  solution.  CoflFee  and  whisky  are  administered  per 
enema,  and  perhaps  a  syringeful  of  camphorated  oil  is  injected  under 
the  skin.  An  ampulle  of  digipuratum,  given  by  deep  intramuscular 
injection,  w^e  have  found  especially  valuable  when  cardiac  insuflSciency 
is  present  or  threatening. 

Complications  and  After-treatment. — As  soon  as  possible  after  the 
patient  returns  to  consciousness  following  operation,  a  careful  examina- 
tion of  his  motor  and  sensory  functions  should  be  made  in  order  to  deter- 
mine whether  there  are  any  additional  defects  present  as  a  result  of 
the  operation.  In  some  cases  this  does  occur,  but,  as  a  rule,  the  defect 
is  slight  and  soon  disappears.  Its  course  should  be  observed  carefully 
from  day  to  day.  If  the  lesion  appears  to  progress  a  hemorrhage  or 
other  source  of  pressure  on  the  cord  must  be  thought  of,  and  may  some- 
times make  necessary  a  second  operation.  I  have  never  personally 
had  such  a  case,  but  there  have  been  such  reported. 

Leakage  of  Cerebrosjnnal  Fluid. — Leakage  of  cerebrospinal  fluid  is  a 
more  frequent  complication,  especially  in  the  cases  where  the  dura  has 
to  be  resected,  in  consequence  of  its  involvement  in  the  disease  process. 
The  escaped  spinal  fluid  may  lie  entirely  under  the  skin,  forming  a  soft 
fluctuating  tumor,  which  must  be  differentiated  from  a  hematoma. 
Such  a  collection  of  fluid  is  best  removed  by  an  aspirating  needle  and 
syringe,  and  as  a  rule,  ceases  to  reform  after  one  or  two  evacuations. 
In  some  cases,  however,  the  fluid  finds  its  way  to  the  exterior  through 
a  suture  puncture,  or  between  the  edges  of  the  w^ound.  In  such  cases 
the  asepsis  of  the  dressings  must  be  scrupulously  observed,  and  local 
applications  to  close  the  wound,  such  as  silver  nitrate  stick,  and  the  like, 
are  to  be  avoirled  because  of  the  danger  of  infection,  which  any  small 
necrotic  area,  such  as  is  always  produced  by  the  caustic,  presents.  As 
healing  goes  on  the  fistula  gradually  closes.  It  is  no  use,  as  a  rule,  to 
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run  another  suture  around  the  opening.  The  results  of  such  attempts 
is  often  to  produce  two  leaks  where  previously  there  was  only  one. 

We  have  the  nurse  on  the  case  change  the  outer  dressing  as  often  as 
it  becomes  soaked  through.  We  change  all  the  dressings  at  least  once 
daily,  wipe  off  the  wound  with  alcohol,  and  apply  tincture  of  benzoin 
to  it,  followed  by  a  dry  dressing. 

In  cases  in  which  it  is  possible  to  perform  primary  suture  of  the  dura 
we  rarely  have  any  trouble.  In  cases  in  which  it  is  necessary  to  resect 
the  dura  we  put  in  one  or  two  layers  of  buried  sutures  very  tightly, 
thus  preventing  leakage  of  the  fluid  from  below,  and  thereby  nearly 
always  avoiding  this  annoying  complication. 

The  Prevention  of  Urinary  Infection. — ^All  our  spinal  cord  cases  receive 
5  to  10  grains  of  urotropin  three  or  four  times  daily,  for  a  few  days  pre- 
ceding the  operation.  When  there  are  any  bladder  symptoms  before 
operation,  or  when  they  develop  afterward,  we  continue  the  urotropin 
treatrnent,  as  a  rule,  as  long  as  they  are  present.  The  urotropin  serves 
the  double  function  of  diminishing  the  danger  of  meningeal  infection 
and  of  serving  as  a  urinary  antiseptic.  In  the  cases  in  which  there 
is  urinary  retention  catheterization  is  performed  twice  daily  under 
scrupulous  asepsis.  We  always  have  the  same  interne  do  the  cathe- 
terizing  on  a  patient.  Thus  there  can  be  no  escaping  of  responsibility 
nor  any  sharing  of  it  in  case  urinary  infection  develops.  When  infec- 
tion occurs  the  bladder  is  washed  out  after  each  catheterizing  once 
daily  with  a  boric  acid  solution  and  once  daily  with  silver  nitrate, 
1  to  2000. 

The  Prevention  of  Bed-sores. — This  is  chiefly  a  matter  of  careful 
nursing.  If  a  patient  has  involuntary  evacuations  it  is  the  nurse's 
duty  to  see  that  he  is  cleaned  up  immediately  when  one  has  occurred. 
The  surgeon  should  find  his  patient  clean  at  every  visit.  It  is  also 
permissible  to  find  him  being  cleaned,  but  to  find  him  soiled  and  un- 
attended to  should  mean  a  change  of  nurses.  Daily  inspection  by  the 
surgeon  of  the  sacrum  and  other  points  of  pressure  is  necessary  to  insure 
good  results.  In  case  bed-sores  threaten  to  develop,  however,  in  spite 
of  every  precaution,  then  the  only  additional  thing  we  can  do  is  to  put 
the  patient  on  an  air-bed  or  water-bed.  When  a  cast  has  to  be  worn, 
the  air  or  water  is  not  practicable.  In  cases  of  complete  severance 
of  the  cord  it  is  especially  diflficult  to  prevent  the  development  of  bed- 
sores by  any  means  at  our  disposal. 

The  Prevention  of  Contractures. — It  is  always  possible  to  prevent 
contractures  if  seen  in  the  beginning,  and  if  the  patient  remain  con- 
tinuously under  professional  observation.  It  is  not  necessary  to  use 
apparatus  to  this  end.  This  result  is  obtained  by:  Correcting  and 
overcorrecting  a  tendency  to  contracture  during  daily  massage; 
exercise  devised  to  strengthen  atagonistic  muscles,  in  case  there  are 
such  still  present;  electrical  excitation  of  the  opposing  muscles. 

Indications  for  Laminectomy.— These  may  be  grouped  in  general  into: 
1.  All  those  lesions  amenable  to  surgical  treatment  which  cause  pres- 
sure on  the  cord  and  thereby  interfere  with  its  functions.   These  are: 
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(a)  Tumors  of  the  cord,  membranes,  and  bone  which  can  be  removed 
at  operation. 

(6)  Meningitis  serosa  circumscripta. 

(c)  Granulomata  of  the  bone  and  dura. 

{d)  Fracture  and  dislocations  of  the  vertebrae. 

{e)  Inflammatory  processes  of  the  dura  and  the  bone. 

Acute  osteomyelitis. 

Extradural  abscess. 
(/)  Meningitis  fibrosa  chronica. 

{g)  Hematomyelia — hematorrhachis  is  better  treated  by  spinal 
puncture. 

2.  Resection  of  the  spinal  nerve  roots  for  contractures  or  for  pains. 

A.  Resection  of  the  posterior  roots  (the  Dana-Foerster  operation). 
This  is  the  more  usual  procedure  on  the  spinal  nerve  roots.  The 

reflex  arc  is  thereby  interrupted  and  spasticity  diminished,  a  better 
result  being  obtained,  as  a  rule,  in  the  legs  than  in  the  arms.  Or  the 
roots  may  be  resected  to  relieve  the  pain  in  gastric  crises,  or  in  obstinate 
regional  neuralgias,  by  thus  interrupting  the  sensory  paths. 

B.  The  anterior  roots  are  rarely  attacked,  because  of  their  relative 
inaccessibility  and  the  danger  of  producing  paralysis.  They  might, 
however,  be  cut  to  diminish  contractures,  provided  not  more  than  two, 
or  at  the  most  three,  consecutive  roots  are  cut.  Cutting  more  than  that 
number  would  most  likely  substitute  paralysis  for  contracture. 

3.  For  exploration  and  decompression: 

When  a  malignant  tumor  is  present,  or  some  other  source  of  pressure 
on  the  cord  is  suspected,  which  on  operation  turns  out  not  to  be  re- 
movable, the  operation  may  be  termed  exploratory  and  the  operation 
may  have,  in  the  decompression,  a  satisfactory  result.  The  pressure 
on  the  cord  is  thereby  at  least  temporarily  relieved.  After  stab  wounds 
of  the  cord,  when  it  is  suspected  that  part  of  the  symptoms  are  due 
to  the  pressure  of  a  blood-clot,  a  similar  exploratory  operation  may  be 
permissible.  The  operation  does  not  materially  weaken  the  spinal 
column,  and  the  removal  of  pressure  from  a  softened,  edematous,  or 
hemorrhagic  cord  may  do  some  good. 

In  general  it  may  be  stated  that  the  operation  of  laminectomy  is 
indicated  whenever  we  have  a  lesion  compressing  the  spinal  cord, 
practically  irrespective  of  its  character — since  that  is  a  point  very 
difficult  to  accurately  determine — and  provided  that  its  location  can  be 
diagnosticated  with  a  fair  degree  of  certainty.  In  such  cases  it  is  prac- 
tically useless  to  give  either  a  short  or  a  prolonged  course  of  treatment 
with  mercury  or  any  other  specific.  If  the  Wassermann  reaction  be 
negative,  operation  is  clearly  indicated.  If  it  be  positive  there  is  very 
little  use  in  trying  anything  more  than  a  short  course  of  treatment. 
For  the  positive  Wassermann  reaction  does  not  show  that  the  cord  lesion 
is  syphilitic;  and  even  if  it  be  syphilitic,  irreparable  damage  may  be  done 
to  the  cord  before  the  specific  drugs  begin  to  act,  just  as  is  the  case 
often  with  gumma  of  the  brain.  In  case,  however,  the  patient  comes 
to  us  so  early  that  the  segmental  diagnosis  is  not  possible,  then  the 
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interval  of  waiting  may  be  utilized  for  a  course  of  antiluetic  treatment 
As  soon  as  a  reasonable  suspicion  as  to  the  localization  of  a  tumor  exists 
recourse  should  be  had  immediately  to  operation.  In  case  the  tumor 
be  not  directly  cut  down  upon,  the  extension  of  the  operation  and  the 
use  of  the  sound,  both  outside  and  inside  the  dura,  will  usually  enable 
us  to  locate  it.  It  is  but  little  satisfaction  waiting  until  the  patient  is 
badly  crippled  before  moving  to  his  relief. 

The  differential  diagnosis  between  intra-  and  extramedullary  tumors 
is  usually  impossible.  To  wait  until  the  diagnosis  can  be  refined  is 
not  only  useless  as  a  rule  but  actually  harmful.  We  need  to  know  only 
the  level  of  the  tumor;  further  local  diagnosis  is  readily  made  at  the 
operation. 

SPECIAL  PROCEDURES  FOR  SPECIAL  INDICATIONS  IN  SPINAL 

SURGERY 

Tumors. — Aside  from  traumatic  lesions  the  various  forms  of  tumor, 
when  including  localized  meningitis  serosa,  constitute  the  most  frequent 
indication  for  laminectomy. 

Tumors  of  the  Bone. — In  a  well-taken  a:-ray  picture  these  tumors  may 
be  frequently  diagnosticated.  The  treatment  depends  naturally  on  the 
character  of  the  tumor. 

Benign  Tumors  of  the  bone  are  relatively  rarely  a  cause  for  lami- 
nectomy. They  are  either  osteomata  or  chondromata,  which  project 
into  the  canal  and  therefore  have  to  be  excised.  When  they  occur 
at  the  sides  of  the  cord  or  in  the  posterior  part  of  the  canal  they  are 
relatively  easy  to  attack.  When  they  involve  the  body  of  the  vertebrte 
and  are  therefore  located  anteriorly  they  are  difficult  to  get  at  without 
injuring  the  cord.  The  mallet,  chisel,  and  rongeur  forceps  are  the 
instruments  employed  in  the  removal  of  such  tumors. 

In  attacking  tumors  of  the  vertebrae,  so  located  that  it  is  necessary 
to  pull  the  cord  to  one  side,  the  spinal  nerve  roots  are  often  in  the  way. 
It  must  be  remembered  that  at  least  three  adjacent  spinal  nerve  roots 
must  be  cut  in  order  to  produce  a  demonstrable  defect. 

Advantage  of  this  fact  may  be  taken  to  cut  roots  in  preference  to 
pulling  or  crushing  them,  or  to  using  dangerous  pressure  on  the  cord  in 
order  to  get  it  out  of  the  way  during  the  manipulations  necessary 
for  the  removal  of  the  tumor. 

Some  operators  advise  against  attacking  tumors  lying  'in  the  bone 
anterior  to  the  cord,  because  of  the  difficulty  in  reaching  them  without 
causing  serious  damage  to  the  cord.  It  must  be  remembered  in  this 
connection  that  laminectomy  will,  of  itself,  largely  serve  to  diminish 
the  pressure  of  such  tumors  on  the  cord  by  its  decompressive  action. 
It  is  better,  therefore,  to  fail  to  remove  a  tumor  lying  in  a  dangerous 
locality  than  to  cause  a  serious  transverse  lesion  of  the  cord  in  trying 
to  get  at  it. 

Malignant  Tumors. — Malignant  tumors  are  rarely  helped  by  oper- 
ation.   They  are  best  let  alone.    Support  should  be  provided  for  the 
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spinal  column  in  the  form  of  a  plaster-of-Paris  dressing  or  orthopedic 
jacket,  in  cases  in  which  these  tupiors  produce  marked  weakening  of 
the  column.  The  operation  is  likel}'  only  to  hasten  the  inevitable  end. 
These  tumors  are  usually  metastatic  epithelial  tumors,  chiefly  carcinoma. 
A  careful  general  examination  of  the  patient  and  an  investigation  into 
the  findings  at  previous  operations  for  suspicious  growths,  together 
w^ith  an  .r-rav  examination,  will  usuallv  enable  us  to  avoid  the  mistake 
of  attacking,  operatively,  one  of  these  unfortunate  conditions.  In  cases, 
however,  of  metastases  of  the  ossifying  type,  which  usually  fail  to  show 
in  the  .r-ray  picture,  and  which  may  have  their  origin  beyond  our  diag- 
nostic reach  in  the  internal  organs,  we  may  occasionally  be  drawn  into 
error.  Fortunately  for  us,  however,  this  ossifying  type  does  not  often 
produce  spinal  cord  symptoms,  because  it  does  not  soften  the  bone  and 
rarely  penetrates  the  canal. 

Tumors  of  the  Dura. — The  method  of  using  a  sound  to  locate  these 
tumors  when  they  do  not  at  once  appear  in  the  field  of  vision  has  been 
previously  considered. 

When  a  considerable  portion  of  the  dura  has  to  be  excised  to  remove 
the  tumor  a  little  packing  should  be  put  between  the  dura  and  the  bone 
at  the  upper  end  of  the  wound  in  order  to  diminish  the  loss  of  cerebro- 
spinal fluid.  It  must  not  be  forgotten  that  a  tumor  lying  outside  the 
dura  does  not  exclude  the  simultaneous  presence  of  one  or  more  lying 
inside  the  dura.  A  localized  meningitis  serosa  is  by  no  means  a  rare 
intradural  complication  of  an  extradural  tumor.  It  is,  therefore,  a 
good  rule  to  open  the  dura  in  all  these  cases  and  inspect  the  inner  sur- 
face of  the  dura  and  the  cord. 

In  closing  the  wound  after  the  excision  of  a  generous  piece  of  dura, 
the  deep  catgut-sutures  w^hich  unite  fascia  and  muscle  on  the  two  sides, 
should  be  applied  tightly  in  order  to  avoid  leakage  of  cerebrospinal 
fluid.  There  is  always  plenty  of  periosteum  present  so  that  a  plastic 
covering  of  the  defect  could  be  obtained,  as  a  rule,  if  desired.  But  that 
means  more  handling  of  the  tissue;  bone  might  possibly  develop  after 
the  operation,  and  our  results  to  date  have  been  satisfactory  without  it. 

Tumors  Inside  the  Dura. — When  the  exposure  of  the  dura  fails  to 
reveal  the  presence  of  a  tumor,  a  longitudinal  incision  should  be  made 
in  the  dura  in  the  middle  line  for  the  purpose  of  exposing  the  subdural 
space  and  the  cord.  In  making  this  incision  the  possibility  of  the  pres- 
ence of  a  localized  meningitis  serosa  must  be  thought  of.  If  the  incision 
in  the  dura  be  made  carelessly  the  cut  may  easily  go  clear  through 
the  filmy  sac  of  the  meningitis  serosa,  a  slight  gush  of  fluid  takes  place, 
and  thus  the  exploration  fails  to  show  any  change  to  account  for  the 
patient's  symptoms.  To  avoid  overlooking  a  meningitis  serosa  the 
dura  should  be  picked  up  on  each  side  of  the  middle  line  with  smooth 
tissue  forceps,  and  then  incised  just  as  is  the  peritoneum  in  a  laparotomy. 
If  a  meningitis  serosa  be  present  its  thin  diaphanous  wall  will  then  be 
seen  bulging  out  in  the  dural  opening.  If  the  tumor  does  not  lie  directly 
under  the  eye  after  the  dura  is  opened,  an  exploration  with  the  sound 
must  then  be  undertaken,  just  as  it  was  outside  the  dura.   Special  care 
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is  necessary  to  avoid  injury  to  the  nerve  roots  or  overstretching  or 
abrading  the  cord.  The  Hgamentum  denticulatum,  lying  at  either  side 
of  the  cord,  may  easily  be  impinged  upon  by  the  sound,  and  must  not 
be  mistaken  for  a  tumor.  If  the  tumor  found  hes  superficially  in  a 
groove  in  the  cord  it  is  removed  immediately,  but  if  it  lies  in  the  body 
of  the  cord,  a  longitudinal  incision  may  be  made  into  the  cord  over 
it  in  the  hope  that  spontaneous  extrusion  may  later  occur  by  intra- 
medullary pressure.  The  tumor  may  be  removed  subsequently  at  a 
second-step  operation. 

Hematomyelia. — The  sudden  onset  of  this  condition,  together  with 
the  history  of  trauma,  often  enables  us  to  make  a  fairly  probable  diag- 
nosis of  the  condition.  It  is  differentiated  from  hematorrhachis  by 
the  absence  of  blood  in  the  spinal  fluid  as  obtained  by  lumbar  puncture. 
Of  course,  hematorrhachis  and  hematomyelia  may  exist  together, 
but  this  usually  occurs  only  in  the  severe  traumatic  cases.  Here  lumbar 
puncture  rather  than  laminectomy  is  the  proper  treatment,  except 
where  it  may  be  necessary  to  remove  bony  fragments  which  are  pressing 
on  the  cord. 

Hematomyelia  may  be  due  to  a  hemorrhage  into  a  glioma,  angioma, 
sarcoma,  or  other  tumor,  and  may  be  the  first  symptom  to  call  attention 
to  the  new  growth.  It  may  be  also  the  principal  change  in  an  acute 
myelitis,  as  in  a  case  seen  recently  with  Dr.  E.  P.  Cook,  of  Mendota. 

We  do  not  recommend  operation  for  uncomplicated  hematomyelia, 
but  in  case  it  be  found  at  operation  the  cord  may  simply  be  incised 
longitudinally  and  the  accumulated  blood  permitted  to  escape. 

Hematomyelia,  however,  does  not  in  any  way  contraindicate  opera- 
tion. In  case  the  diagnosis  lies  between  a  hematomyelia  and  some 
condition  amenable  to  operative  treatment,  laminectomy  should  be 
performed.  If  hematomyelia  is  present  the  patient  may  be. somewhat 
improved  by  the  operation. 

Meningitis  Fibrosa  Chronica  (or  pachymeningitis  cervicalis  hyper- 
trophica). — ^This  condition  may  occasionally  be  found  wdien  a  tumor 
was  diagnosticated.  When  this  thickened  membrane  is  closely  applied 
to  the  dura  it  may  be  excised;  and  even  if  rather  extensive,  the  dural 
defect  may  be  conipensated  for  by  using  periosteum  or  fascia  or  merely 
uniting  the  muscles  fairly  closely  about  the  cord.  In  the  cases,  how'ever, 
in  which  the  membrane  is  applied  to  the  pia  and  perhaps  to  the  dura 
at  the  same  time,  thus  obliterating  the  subdural  space,  its  removal 
is  a  matter  of  much  more  moment.  To  remove  it  from  the  pia,  in  which 
case  it  is  usually  firmly  adherent  to  the  cord,  is  by  no  means  easy, 
and  usually  means  some  damage  to  the  superficial  layers  of  the  cord, 
The  patient  receives  no  immediate  relief  from  such  an  operation,  and 
may  be  even  worse  for  a  time,  owing  to  the  destruction  of  superficial 
paths  and  postoperative  edema.  Nor  is  the  course  of  the  disease  neces- 
sarily checked  by  the  procedure;  for  a  new  layer  of  scar  tissue  may 
form  after  the  operation,  just  as  we  know  it  to  form  after  the  excision 
of  a  keloid,  and  the  like. 

The  operative  treatment  of  fibrous  meningitis  is,  therefore,  very 
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dubious,  and  if  its  diagnosis  could  only  be  made  to  a  certainty,  it  would 
not  be  operated  upon. 

Granulomata. — These  lesions,  s'ave  in  rare  cases,  will  be  either  gum- 
mata  or  conglomerate  tubercles  when  seen  at  operation  and  lie  intra- 
duralh'.  Extradural  tuberculosis  means  tuberculosis  of  the  vertebrae, 
and  is  usually  best  treated  by  orthopedic  measures.  Syphilis,  outside 
the  dura  and  producing  cord  symptoms,  is  rare,  and  needs  no  operative 
treatment.  If  a  granuloma  be  found  inside  the  dura,  the  diagnosis 
will  not  be  made,  as  a  rule,  between  syphilis  and  tuberculosis,  unless 
it  has  been  made  previous  to  operation.  Of  course,  the  greater  fre- 
quency of  caseation  in  a  tubercle  and  the  greater  vascularity  of  a  gumma 
are  differential  points  of  some  importance.  If  the  lesions  are  on  the 
dura  or  pia,  the  best  thing  to  do  is  to  wash  out  with  a  sponge  wet  in 
sublimate,  1  to  1000,  somewhat  as  Horsley  does  in  the  cases  of  brain 
syphilis.  Some  good  has  been  done  by  the  sublimate,  and  by  the  decom- 
pression, and  no  essential  harm  is  done.  If,  however,  the  granuloma 
be  tuberculous,  the  patient  is  in  immediate  danger  of  developing  an 
acute  tuberculous  meningitis.  The  dural  space  should  be  well  walled 
off  with  iodoform  gauze  and  all  caseous  material  washed  away  with 
1  per  cent,  carbolic  acid,  followed  by  normal  salt  solution. 

The  same  objections  hold  for  the  operative  treatment  of  conglomerate 
tubercles  of  the  cord.  Such  a  tubercle  may  be  extruded  after  the  longi- 
tudinal incision  has  been  made  in  the  cord,  but  it  will  probably  only 
result  in  an  acute  fatal  disease,  namely,  tuberculosis  of  the  meninges, 
instead  of  the  more  prolonged  course  as  a  focal  disease  of  the  cord. 
A  gumma,  of  course,  if  accurately  diagnosticated,  could  probably  be 
removed  by  extrusion  with  very  little  danger  to  the  meninges,  espe- 
cially if  preceded  and  followed  by  local  irrigation  with  sublimate,  and 
a  vigorous  treatment  with  mercury  rubs  or  salvarsan,  or  both. 

The  treatment  of  granulomata  of  the  cord  is  by  no  means  so  grateful 
a  field  for  the  surgeon  as  when  they  occur  in  the  brain,  and  even  then 
the  results,  so  far  obtained,  are  only  fairly  encouraging,  owing  to  the 
frecjuent  presence  of  other  "latent"  foci  and  subsequent  acute 
disseminations. 

Acute  Inflammatory  Processes  Causing  Pressure  on  the  Cord. — 

Acute  inflammation  inside  the  dura  usually  means  death  to  the  patient 
from  meningitis.  Lumbar  puncture  is  our  diagnostic  procedure,  and 
practically  the  only  surgical  measure  of  any  importance. 

The  extradural  processes  are  the  ones  with  which  we  are  chiefly 
interested  here.  They  proceed,  as  a  rule,  from  the  bone  as  acute 
osteomyelitis,  either  primary  or  secondary  to  pyemia.  The  diagnosis 
is  difficult,  because  of  the  slightness  of  the  local  symptoms  and  the 
rarity  of  the  lesion.  We  have  seen  such  a  case  at  post  mortem,  but  have 
never  had  the  opportunity  to  treat  one  intra  vitam. 

Should  the  focus  lie  in  the  neural  arches  or  spinous  processes  it  would 
be  relatively  easy  to  attack.  When  it  lies  in  the  body  of  the  vertebra 
it  is  very  difficult  to  get  at,  and  the  dangers  to  the  cord  and  roots  are 
very  considerable.    The  a:-ray,  unfortunately,  in  these  acute  cases 
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gives  us  practically  no  assistance  in  locating  the  lesion,  and  any  surgical 
procedure  in  this  connection  is  largely  exploratory. 

Resection  of  the  Posterior  Nerve  Roots.—This  procedure  has  been 
recommended  antl  performed  for  (L)  pain  in  the  region  of  distribution 
of  the  nerve  roots;  (2)  the  visceral  crises  of  tabes;  (3)  for  muscle  spasm 
particularly  when  due  to  disease  of  the  upper  motor  neurone. 

The  procedure  is  by  no  means  new,  but  has  recently  sprung  up  and 
achieved  considerable  vogue  in  many  quarters.  Robert  Abbe^  of  New 
York,  who  performed  this  operation  for  the  first  time,  gives  the  credit 
of  its  conception  to  Dana,  on  whose  patient  the  first  operation  was 
performed.  Foerster  in  his  address  before  the  Royal  Society  of  ]\Iedicine 
June  13,  1911,  admits  this  priority.  There  seems  to  be,  therefore^ 
no  valid  reason  why  Americans  may  not  with  pride  call  this  the  Dana 
operation,  or  at  most  the  Dana-Foerster  operation,  in  recognition  of 
the  important  role  which  Foerster  has  played  in  the  recent  extension 
and  popularization  of  the  procedure. 

Dana's  original  case  was  operated  because  of  a  neuralgia  of  branches 
of  the  brachial  plexus.  In  the  following  year,  1889,  Abbe  had  another 
similar  case.  Sir  Victor  Horsley  had  two  cases  of  severe  neuralgia 
of  the  arm  in  1888,  but  somewhat  after  Dana's  first  case.  Chipault, 
slightly  later,  reported  five  cases  of  posterior  root  resection  for  neuralgia 
of  the  arm.  Giordano  operated  a  case  of  sciatica,  and  Faure  an  inoper- 
able case  of  carcinoma  of  the  uterus,  in  order  to  relieve  the  neuralgic 
pains. 

Foerster  did  the  first  resection  of  the  posterior  roots  with  Tietze, 
in  three  cases  of  metastatic  carcinoma  of  the  spinal  column  with  severe 
nerve-root  pains.  The  results  were  only  temporary,  however,  because 
the  advancement  of  the  disease  soon  involved  other  roots. 

In  1900  Mingazzini  proposed  resection  of  the  posterior  roots  for  tabes 
with  severe  lightning-pains  and  gastric  crises.  Hildebrand,  in  1910, 
was  the  first  to  perform  the  operation  for  this  indication.  He  cut 
two  cervical  roots.  The  result  obtained  was  only  temporary.  Enderlen 
was  the  next  to  try  the  operation.   He  cut  some  of  the  thoracic  roots. 

Gottstein  and  Foerster  then  had  a  case  on  which  they  cut  the  fourth 
and  fifth  lumbar  and  the  first  sacral  roots  on  account  of  tabes  \dth 
a  localized  neuralgia  of  the  internal  malleolus.  The  effect  of  this 
operation  was  only  temporary. 

Since  Foerster's  early  publications  the  operation  has  been  taken  up 
by  many  different  operators.  Of  the  various  indications  for  which  the 
operation  is  performed,  perhaps  the  least  successful  indication  has  been 
that  of  tabetic  crises.  In  the  cases  in  which  it  was  done  chiefly  for  the 
pain  of  the  crises,  the  operation  has  been  a  success  in  30  to  60  per  cent. ; 
but  the  crises  in  which  vomiting  is  the  chief  feature  have  received  dis- 
tinctly less  relief.  Why  all  cases  are  not  successful  it  is  difficult  to  say. 
The  case  of  Guleke  throws  some  light  on  this  question.  In  a  patient 
on  whom  he  performed  resection  of  the  seventh  to  ninth  roots,  the  crises 
disappeared  for  a  time.  They  recurred  but  again  disappeared  after 
the  resection  of  the  tenth  and  eleventh  thoracic  roots. 
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This  case  would  appear  to  show  that  our  usual  resections  are  not 
extensive  enough,  because  of  the  large  number  of  roots  carrying  sym- 
pathetic fibers  to  the  gastro-intesfinal  regions.  Although  to  increase 
the  number  of  roots  resected  increases  the  gra^•ity  of  the  operation, 
Foerster  suggests  the  advisability  of  resecting  as  high  as  the  fifth  or 
sixth  and  as  low  as  the  eleventh  or  twelfth  roots  instead  of  removing 
onlv  the  seventh  to  ninth,  as  was  done  at  first. 

When  the  lightning  pains  are  in  an  extremity,  Foerster  recommends 
the  cutting  of  all  the  roots  to  that  limb.  Taylor,  on  the  other  hand, 
considers  that  by  cutting  all  the  roots,  but  not  completely  through, 
a  sufficiently  satisfactory  result  may  be  obtained.  That  the  sensory 
defects,  after  such  resection  are  often  surprisingly  small,  is  a  fact  that 
has  excited  the  wonder  of  many  observers.  Sherrington's  observation 
on  monkeys  that  the  cutting  of  less  than  three  consecutive  roots  pro- 
duce no  demonstrable  defect,  seems  to  be  the  case  in  man  to  perhaps  an 
even  greater  extent. 

In  Foerster's  first  case,  in  which  he  cut  the  fourth  and  fifth  lumbar 
and  first  sacral  nerve  roots,  there  were  no  sensory  changes  demonstrable 
in  the  leg.  If  every  other  root  be  cut  over  a  considerable  distance, 
the  sensory  changes  are  practically  nil,  perhaps  scarcely  even  a  change 
in  the  acuteness  of  sensation  being  demonstrable.  Of  course,  as  a  rule, 
such  minute  and  painstaking  examinations  as  were  done,  for  example, 
by  Rothstein  and  Hamill,  on  their  syringomyelia  patients,  examinations 
taking  months  of  time  for  completion,  have  not  been  done  on  many, 
if  any,  of  these  cases.  But  to  all  ordinary  observers  sensation  is  prac- 
tically intact. 

Again,  it  may  be  that  the  pains  in  many  of  these  cases  are  entirely 
central  in  their  origin,  and  are,  therefore,  not  susceptible  of  relief  by 
any  measure  applied  peripherally.  Then,  again,  crises  may  contain  a 
pneumogastric  factor,  especially  those  associated  with  severe  vomiting. 
In  such  cases  Exner's  operation,  resection  of  the  branches  of  the  pneu- 
mogastric nerve  below  the  diaphragm,  according  to  his  technique, 
or  even  above  the  diaphragm,  by  the  transthoracic  operation,  w'ould 
be  the  logical  procedure  rather  than  the  nerve-root  resection.  This 
subject  is,  however,  still  too  new  to  permit  of  any  thorough  discussion, 

Borchardt  has  condemned  it  on  an  experience  of  one  case  only. 

jMost  important  in  order  to  determine  just  which  roots  to  resect 
is  the  exact  localization  of  the  pain,  the  extent  of  the  hyperesthesia 
of  the  skin,  and  the  site  of  its  maximum  intensity.  The  segment  to 
which  this  cutaneous  area  belongs  should  then  be  taken  as  a  middle 
point  among  the  roots  to  be  resected.  In  cases  of  gastric  crises  without 
pains  these  localizing  factors  are  not  present,  and  therefore,  in  such 
cases,  we  believe  the  operation  should  not  be  performed. 

Value  of  Resection. — The  value  of  resection  of  the  posterior  roots  in 
spastic  paralysis  due  to  disease  of  the  upper  motor  neurone  is  somewhat 
greater  than  in  the  case  of  tabetic  crises  or  neuralgic  pains.  But  to 
achieve  the  best  results  these  cases  must  also  be  as  carefully  selected 
as  the  tabetic  cases.  The  upper  motor  path  carries  tw  o  kinds  of  fibers, 
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one  bearing  the  motor  impulse,  injury  to  which  causes  paralysis  or 
paresis  of  the  muscle  supplied,  the  other  carrying  inhibitory  fij)ers  which 
check  the  sensory  stimuli  constantly  entering  tiie  spinal  cord  by  wav 
of  the  posterior  roots.  It  is  the  damage  to  the  latter  class  of  fibers 
which  causes  the  spastic  symptom-complex,  because  of  the  loss  of 
control  over  the  inflow  of  sensory  impulses  into  the  reflex  arcs  of  the 
cord.  If,  now,  the  posterior  roots  be  cut,  the  sensory  impulses  are 
again  reduced,  and  spastic  symptoms  are  diminished  or  disappear. 
Frequently  the  fibers  carrying  motor  impulses  are  fairly  intact  when 
the  inhibitory  fibers  are  practically  out  of  commission.  In  such  cases 
resection  of  the  posterior  roots  is  followed  by  complete  disappearance 
of  the  spasms,  and  therefore  all  those  voluntary  movements  which 
were  interfered  with  by  the  spasticity  are  now  executed  without  diffi- 
culty. Success  can  be  anticipated  only  in  those  cases  in  which  voluntary 
control  of  the  muscles  is  still  present  to  some  extent,  and  when  the 
spasticity  is  due  to  the  influx  of  excessive  sensory  stimuli  in  the  reflex 
arc  in  the  gray  matter  of  the  cord.  Therefore,  the  spasms  of  athetosis 
and  chorea  offer  no  prospects  of  success,  because  these  conditions  are 
due  to  the  pathological  stimulation  of  motor  centres  and  paths  lying 
in  the  cerebrum  and  midbrain.  Resection  of  the  posterior  roots  does 
not  alter  these  pathological  stimAili  descending  from  above. 

Indications. — The  class  of  cases  in  which  the  operation  is  indicated, 
embraces  (1)  the  infantile  cerebral  palsies  (Little's  disease);  (2)  spastic 
spinal  paraplegias  which  may  be  traumatic,  due  to  Pott's  disease, 
syphilitic  spastic  paraplegia,  primary  spastic  paraplegia  of  Erb  and 
Charcot,  disseminated  sclerosis,  and  Parkinson's  disease. 

In  general  to  justify  attempting  the  operation,  there  must  be  a  rea- 
sonable prospect  that  innervating  fibers  of  the  pyramidal  tract  are 
still  present,  and,  therefore,  all  cases  with  slight  spasm  and  much  par- 
alysis are,  as  a  rule,  unsuitable.  In  cases  of  severe  spasm  and  total 
voluntary  paralysis  there  may  remain  a  considerable  amount  of  vol- 
untary excitability  only  apparent  after  the  elimination  of  spasm. 
In  such  cases  the  experiment  is  well  worth  trying.  A  preliminary 
injection  of  stovain  or  novocain  may  be  made  in  order  to  decide  whether 
any  voluntary  motility  remains.  The  anesthetic  temporarily  removes 
the  spasticity. 

The  arm,  as  a  rule,  is  less  suitable  for  the  operation  than  the  leg. 
Whatever  the  lesion  back  of  the  condition,  it  must  be  practically 
stationary  in  order  to  insure  a  satisfactory  result.  A  progressive  dis- 
ease, like  multiple  sclerosis,  is  hardly  suitable  for  the  operation.  Little's 
disease,  traumatic  cases,  and  old  syphilitic  paraplegias  give  a  much 
more  favorable  outlook. 

Permanent  good  results  can  be  obtained  only  where  the  operation 
is  followed  by  careful  and  prolonged  after-treatment,  consisting  of 
exercise,  massage,  and  mechanical  and  orthopedic  measures.  It  is 
particularly  by  exercise  that  voluntary  motility  is  brought  up  to  its 
highest  level  and  only  then  does  standing  and  walking  become  impossil)le. 
Such  exercises  should  often  be  contiimed  for  years.    When  retention 
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in  casts  is  necessary  to  correct  the  previously  existing  deformity,  the 
hmbs  should  be  removed  from  the  cast  daily  for  the  purpose  of  giving 
massage  and  going  through  the  exercises.  When  organic  contractions, 
due  to  the  shrivelling  of  muscles  and  tendons  are  present  the  usual 
tenotomies  and  other  orthopedic  measures  should  be  taken. 

As  to  the  technique  of  the  operation,  it  is  simply  that  of  laminectomy 
with  or  without  subsequent  opening  of  the  dura  in  order  to  get  at  the 
roots.  Dana  originally  proposed  to  open  the  dura,  and  Foerster  prefers 
that  method.  It  simplifies  the  operation,  although  it  is  often  more 
difficult  to  distinguish  the  different  roots. 

Guleke  and  others  prefer  the  extradural  excision  because  of  the  greater 
ease  of  identifying  the  roots  and  the  absence  of  danger  of  meningitis. 
Mr.  Hey  Groves'  introduction  of  the  use  of  adrenalin  to  control  the 
hemorrhage  may  sometimes  be  of  use,  although  we  have  so  far  found 
the  compression  with  hot  towels  perfectly  adequate  in  our  laminectomies. 

The  unilateral  laminectomy  for  root  resection,  as  proposed  by  Taylor, 
we  have  had  no  experience  with.  If  it  is  anywhere  useful  it  would  be 
in  cases  of  root  resection.  We  prefer,  however,  the  large  free  field  of 
vision  and  believe  that  it  is  better  to  cut  away  a  little  extra  bone  than 
to  subject  the  patient  to  the  danger  of  having  an  operator  working 
in  the  dark  on  so  important  and  delicate  a  structure  as  the  spinal  cord. 

Secondary  Operations  of  the  Cord. — In  such  cases,  in  which  the  spinal 
processes  and  the  arches  have  been  cut  away  the  chief  difficulty  is 
the  absence  of  landmarks  to  guide  us  in  cutting  down  on  the  dura  and 
cord.  The  dura  is,  as  a  rule,  closely  adherent  to  the  muscle  and  scar 
tissue  masses  lying  directly  above  it.  Therefore,  if  we  use  the  scar 
from  the  previous  operation  as  a  guide  on  which  to  cut  down,  we  must 
use  the  greatest  care  that  in  doing  so  we  do  not  cut  through  the  dura 
and  even  incise  the  cord.  The  tissues  must  be  cut  layer  by  layer  just 
as  in  the  cases  of  laparotomy  when  we  fear  to  cut  suddenly  through 
the  peritoneum  and  thereby  injure  the  gut.  We  are  especially  careful 
always  to  have  our  knife  cuts  perfectly  longitudinal  to  the  long  axis 
of  the  body.  Then  w^e  are  the  least  likely  to  do  damage  to  the  cord 
in  case  we  should  accidentally  incise  it. 

A  safer,  if  somewhat  longer,  procedure  is  to  start  the  incision  at  one 
end  of  the  previous  wound  and  cut  down  on  an  intact  arch,  bite  this 
away  with  the  forceps,  and  open  the  dura.  Once  the  dura  is  opened, 
we  can  reopen  the  old  incision  by  cutting  down  on  a  grooved  director 
placed  in  the  subdural  space  as  a  guide. 

If  it  is  not  desirable  to  open  through  the  old  scar,  a  lateral  incision 
may  be  made  to  one  side  of  the  old  scar  and  continued  downward  to 
impinge  on  the  lateral  remnant  of  one  of  the  arches.  This  remnant 
is  then  bitten  away  with  the  rongeur  forceps,  the  dura  incised  from 
the  side,  and  the  cord  exposed  by  dividing  the  soft  tissues  on  a  grooved 
director  or  similar  guide. 

While  it  is  not  often  necessary  to  perform  secondary  operations,  yet 
recurrence  of  tumor  symptoms,  whether  due  to  actual  recurrence  of 
the  tumor  or  to  the  formation  of  a  localized  meningitis  serosa,  failure 
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of  a  previous  operator  to  find  a  tumor  which  subsequent  developments 
show  must  be  present,  second-step  oi)erations  for  tlie  removal  of  cord 
tumors,  extruded  after  preliminary  incision  in  the  cord  and  the  like 
do  sometimes  compel  its  performance.  It  is  then  an  ungrateful  though 
necessary  task. 
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A 

Abscess,  brain,  714 

due  to  bronchiectasis,  714 
following  disease  of  accessory 
sinuses,  714 
injury,  714 
of  otitic  origin,  714 
pyemic  and  metastatic,  714 
Aconitine,  cerebral  hemorrhage  and,  442 
Adiadochokinesis,  634 
Adiposis,  pineal  disease  and,  620 
Afferent  and  efferent  connections  of  the 

cerebellum  with  the  forebrain,  623 
Agenesis  of  cerebellum,  640 
Agnosia,  478 
Agraphia,  503 
Alcohol,  epilepsy  and,  266 

iajection  for  neui'algia  of  fifth  nerve, 
22 

technique  of,  534, 
535 

Alcoholic  neuritis.  See  Neuritis,  alcoholic. 
Alphabet,  physiological,  WyUie's,  494 
Amblyopia,  toxic,  523 
Amyotrophic  lateral  sclerosis,  135 
Anarthria,  498 

prognosis  of,  499 

treatment  of,  500 
Anemia,  chlorosis  and,  160 
Anesthesia,  dangers  from,  in  intracranial 

reactions,  748 
Aneurysm,  as  cause  of  choked  disk,  716 
Ankyloses,  110 

paralytic,  109 
Anomaloscope,  718 
Aphasia,  ag^  in  prognosis  in,  483 

classification  of,  476 

congenital,  483 

crossed,  481 

intelligence  in,  476 

methods  of  reeducation  in  treatment 
of,  492 

motor  and  sensory,  combinations  of, 
479 

views  of  Marie,  477 

of  Niessl  von  Mayendorf, 
477 

nature  of,  475,  476 
prognosis  in,  483 
prognostic  criteria  in,  486 
sensory,  478 

severity  of  attack  in  prognosis  in,  485 
transient,  treatment  of,  489 
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Aphasia,  treatment  of,  487,  489 

by  functional  compensation,  489 
combination  of  methods  in,  496 
Goldscheider's  methods  in,  495 
Gutzmann's  methods  in,  495 
lip  reading  in,  495 
phonetic  methods  in,  493 
repetition  method  in,  492 

Apineahsm,  746 

Apraxia,  501 

prognosis  of,  502 
treatment  of,  502 

ArgyU-Robertson  pupU,  527 
syndrome,  318 

Arsenic,  678 

Arsenical  neuritis,  45 

Arteriosclerotic  nem-itis,  46 

Artery,  retinal,  embohsm  of,  521 
thrombosis  of,  522 

Arthrogryposis,  200 

Astasia  and  paresis,  634 

Asynergia,  630 

Ataxia  in  tabes,  treatment  of,  387 

Athetosis,  treatment  of,  614 

Atrophies,    muscular.      See  Muscular 

atrophies. 
Auditives,  482 


B 

Base,  syphilitic  meningitis  of,  322 
Benedikt,  syndrome  of,  618 
Bergeron's  electric  chorea,  217 
BerHnische  Triibung,  717 
Biological  or  serological  tests  of  blood 

and  cerebrospinal  fluid,  310 
Birth  paralysis,  brachial,  91 
BUsters,  67 

Blood  pressure  as  a  guide  in  lumbar 

puncture,  284 
Bone  and  periosteal  headaches,  152 
Brachial  birth  paralysis,  91 

plexus,  89 

anatomy  of,  26 
Brachialgia,  26 

symptoms  of,  26 

treatment  of,  27 
Bradycardia,  718 
Brain,  abscess  of,  714 

calcification  of,  719 

edema  of,  748 

puncture,  723,  753 
dangers  of,  754 
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Bruin  puncture,  indications  for,  754 
location  of,  755 
technique  of,  755 
softening  of,  748 
surgery  of,  696 
tumor,  156 

non-surgical  treatment  of,  758 
Brain-stem,  tumors  of,  647 
Brains,  paretic,  343 
Breast,  neuralgia  of,  29 
Bridging,  nerve,  79 
Broca's  centre,  477 
Bulbar  paralyses,  progressive,  134 


Caisson  disease,  606 
Carbon  bisulphide,  682 
Cardiac  disease,  epilepsy  and,  267 
Caries,  spinal.   See  Spinal  caries. 
Catalepsie  ccrcbelleuse,  634 
Central  pain,  thalamus  and,  611 
Cerebellar  astasia,  625 

asthenia,  625 

ataxia,  628 

atonia,  625 

degenerations,  hereditary,  641 

secondary  to  toxic  influences, 
641 

disease,  chronic,  637 

forms  of,  640 

symptoms  of,  628 
disorders,  621 
equilibrium,  631 
functional  localization,  638 
gait,  631 
hypotonia,  633 
incoordination,  630 
ocular  movements,  633 
nystagmus,  633 
speech,  632 

symptoms,  recovery  of,  636 

system  and  connections,  diseases  of, 
639 

tumor,  643 

diagnosis  of,  differential,  647 

vertigo,  635 
Ccrcbelleuse  catalepsie,  634 
Cerebello-rubro-spinal  system,  618,  628 
Cerebello-thalamo-cortical  system,  628 
Cerebellum,  abscess  of,  treatment  of,  648 

agenesis  of,  640 

anatomy  of,  622 

connections  of,  with  the  forebrain, 

afferent  and  efferent,  623 
functions  of,  624 

parenchymatous  degeneration  of,  640 
spinal  connections  of,  622 
tumors  of,  treatment  of,  648 
Cerebral  embolism,  433,  463 

nature  and  mechanism  of,  463 
treatment  of  period  of  insult, 
467 

of  preparation,  466 
hemorrhage,  433 


Cerebral  hemorrhage,  aconitine  and,  442 
active  movements  and,  452 
arUmtis  of  shoulder-joint  and, 

caro  of  paralyzed  hmbs  and 
449 

skin  and,  449 
contractures  and,  450 
diagnosis  of,  436 
diet  in,  438 

drug  action  on  blood  pressure  in 
441 

electricity  and,  451,  455 
feeding  and,  447 
gastro-intestinal  tract  in,  care 
of,  448 

gelseminine  hydrochlorate  and 
443 

general  hygiene  and,  438,  453 
hypodermic  medication  in,  441 
locomotion  and,  460 
mechanical  appUcance,  455 
natm*e  and  mechanism  of,  431 
painful  cramps  and,  451 
passive  movements  and,  454 
recurrence  of  attack  and,  452 
reeducation  of  paralyzed  limbs 

in,  exercises  for,  454 
regime  of  sick  room  in,  448 
resistance  movements  and,  454 
section  of  dorsal  spinal  roots 

and,  451 
treatment  of  period  of  insult, 
439 

of  paralysis  and,  449 
of  preparation,  436 
types  and  etiology  of,  434 
unassisted  voluntary  move- 
ments in,  455 
use  of  nitroglycerine  or  nitrites 

and,  445 
voluntary  movements  in,  455 
hemorrhages,  spontaneous,  434 
syphiUs,  324 

arterial  type  of,  324 
basal  types  of,  325 
convexity  types  of,  325 
inunction  method  in,  330 
mouth  medication  in,  340 
prevention  of,  328 
solutions  in,  333 
symptoms  of,  325 
treatment  of,  active,  329 
details  of,  325 
injection,  331 
surgical,  341 
thrombosis,  433,  468 

conditions  favoring,  470 
conditions  of,  468 
Howell's  view  of,  468 
nature  of  mechanism  of,  468^ 
therapeutic  indications  in,  472 
treatment  in  period  of  insult, 
473 

of  paralysis,  474 
preparation,  471 
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Cerebral    tumoi-s,     Krause's  fixation 
method  for  romo\  al  of,  730 
special  proceedings  in  removal 
of,  727 

Cerebro-ponto-cerebellar  system,  628 
Cerebrospinal  Huid,  310 

biological  or  serological  tests  of 

blood  and,  310 
changes  in,  in  syphilis,  313 
cytological  examination  of,  311 
distribution  and  circulation  of, 
281 

escape  of,  750 
examination  of,  284 
cryoscopic,  284 
leukocytes  in,  285 
normal,  313 
organic  content  of,  285 
test  for  proteins  in,  285 
meningitis,  290 

antitoxin  in,  dosage  of,  292 

early  administration  of,  293 
diagnosis  of,  291 
treatment  of,  antitoxin,  291 
results  of,  292 
prophylactic,  290 
types  of  reaction  in,  to  anti- 
toxin, 292 
Cervical  rib,  92 

Charcot-Marie  Tooth  type  of  muscular 

atrophy,  133 
Chemistry  of  cerebrospinal  fluid,  762 
Chlorosis,  anemia  and,  160 
Choked  disk,  523,  708 

etiology  of,  711 

pathogenesis  of^  709,  710 
Chordoma,  745 
Chorea  electrica,  216 

Huntington's,  etiology  of,  215 

prognosis  of,  216 

symptomatology  of,  215 

treatment  of,  216 
insaniens,  206 
Sydenham's,  course  of,  207 

definition  of,  203 

duration  of,  207 

etiology  of,  204 

paralytic  phenomena  in,  207 

pathology  of,  205 

prognosis  of,  207 

prophylaxis  of,  207 

psychic  changes  in,  206 

symptomatology  of,  205 

treatment  of,  207 
Circumflex  nerve,  93 
Claw  hand,  67 
Cocaine,  687 

withdrawal  of,  694 
Cochlear  nerve,  neuritis  of,  51 
Collapse,  postoperative,  748 

treatment  of,  in  intracranial  opera- 
tions, 747 
Color  fields,  reversal  of,  717 
Compass  test,  68 

Congenital  or  hereditary  syphilis,  415 
Conjugate  ocular  movements,  619 


[  Conjugate  palsies,  619 
Constipation  in  epilepsy,  243 
Contractures,  action  of  antagonists  in, 
109 

paralytic,  109 
Convexity,  syphilitic  meningitis  of,  323 

types  of  cerebral  syphilis,  325 
Convulsion,  "teething,"  226 
Convulsions,  708 
Copper,  681 
Cord,  pressure  on,  775 

secondary  operations  on,  779 
Corpus  callosum,  jjimcture  of,  722 
Cortex,  effects  of  excision  of,  751 
Cranial  bone  gummata,  321 

deformity  as  cause  of  choked  disk, 
716 

Craniectomy,  anesthesia  for,  701 
anesthetist  in  the,  702 
attacking  the  bone,  703 
bone  instruments  for,  703 
closure  of  wound  in,  706 
control  of  hemorrhage  in,  704 
exploratory  puncture  for  pus  in,  705 
incision  in,  703 

in  dura,  705 
indications  for,  700,  707 
position  of  patient  in,  701 
postoperative  treatment  of,  706 
preparation  for,  700 
stimulation  of  patient  in,  706 

Craniostenosis,  719 

Creams  of  calomel,  332 

CrotaUn,  246 

Crura  cerebri,  syndrome  of,  616 

Cyanides,  683 

Cysts,  727 

as  cause  of  choked  disk,  712,  714 
parasitic,  dangers  from,  747 

Cytological  examination  of  the  cerebro- 
spinal fluid,  309,  311 

Cytology  of  cerebrospinal  fluid,  761 


Dana-Foerster  operation,  771 
Dangerous  trades,  672 
Decompression,  atypical,  722 
seUar,  721 

suboccipital,  721,  726 

subtemporal,  721,  724 

temporary,  729 
Degenerations,  cerebellar,  secondary  to 

toxic  influences,  641 
Delirium,  drug,  684 

chnical  picture  of,  684,  686 
treatment  of,  686 
Dementia  precox,  166 
Dermato-myositis,  124 
Diabetic  headaches,  160 

neuritis,  40 
Diaschisis,  482,  752 
Diphtheritic  polyneuritis,  37 
Dizziness,  635 

Drainage  of  lateral  ventricle,  723 
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Drainage  of  spinal  subdural  space,  723 

Drug  delirium,  G84 

Drugs,  liabit-fortning,  G87 

Drunken  gait,  031 

Dubini's  disease,  210 

Dust  and  fumes,  672 

Dysarthria,  498 

{)rognosis  of,  499 

treatment  of,  500 
Dysmetria,  630 
Dyspraxia,  501 

prognosis  of,  502 

treatment  of,  502 
Dystrophies,  muscular.    See  Muscular 
dystrophies. 


E 

Ear  disease  as  cause  of  choked  disk,  716 
headaches  in,  152 
middle,  treatment  of,  diseases  of, 
and  labyrinth,  544 
Early  epilepsy,  230 
Edema  of  brain,  748 

Edinger's  views  on  development  of  tabes, 
379 

Elbow,  deformity  at,  94 

Electrotherapy   in   muscular  atrophies 

and  dystrophies,  105 
Emboli,  formation  of,  464 
Embolism,  cerebral,  463 

treatment  of,  as  cause  of  aphasia,  487 
EncephaUtis  as  cause  of  choked  disk,  716 
Encephalomalacia,  748 
Encephalopathy,  lead,  treatment  of,  678 
Endemic  syphilis  of  nervous  system,  306 
Epicritic  loss,  67 

sensibility,  67 
defined,  554 
Epilepsies,  225 

symptomatic,  265 

syphilitic,  265 

traumatic,  266 

treatment  of,  surgical,  252 
Epilepsy,  alcohol  and,  266 

birth  injuries  and,  267 

cardiac  disease  and,  267 

classification  of,  229 

constipation  in,  243 

definition  of,  227 

diet  in,  241 

early,  230 

education  in,  272 

emergencies  in,  248 

etiology  of,  227 

eugenic  factors  in,  258 

genuine,  operation  for,  732 

heredity  in,  268 

infectious  diseases  and,  267 

Jacksonian,  operation  for,  731 

late,  230 

legal  status  of,  262 
liability  to  injury  in,  234 
myoclonus,  2i9 
ocjilar  errors  in,  247 
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Epilepsy,  organic,  229 
prophylaxi.s  of,  208 
refiex,  operation  for,  733 
social  and  economic  relations  of,  235 
symptomatic,  230 

r<l (('ration  for,  732 
syphilitic,  265 

traumatic,  operation  for,  732 
treatment  of,  236 

drugs  u.sed  in,  245 
general  medical,  236 
hygienic,  240 
institutional,  256 
operative,  730 
Epileptics,    limitation  of  marriage  of 
271 

segregation  of,  271 

sterilization  of,  271 
EpitheHoma  of  dura,  719 
Erb's  type  of  myopathy,  126 
Erosion  of  bone,  719 
Eupraxic  centre,  477,  478 
Exanthems,  diagnosis  from  meningitis, 
276 

Excision  of  cortex,  eflfects  of,  751 

of  sensory  areas,  752 
Exostoses,  internal,  719 
Expression,  disorders  of,   varieties  of, 
475 

External  cutaneous  nerv^e,  96 

popHteal,  injury  to,  67 
Extracerebellar  tumors,  647 
Extracerebral  pains,  140 
Extradural  tumors,  596 
Eye  headaches,  150 

reflexes,  318 


F 

Facial  nerve,  86 
paralysis,  536 

course  of,  538 
etiology  of,  536 
prognosis  of,  540 
symptoms  of,  537 
treatment  of,  539,  540 
spasm,  541 
Facio-scapulo-humeral    type  of  mvop- 
athy,  126 

Faradic  current,   use  of,   in  muscular 
atrophies  and  dystrophies,  106 

Feeble-mindedness,  syphilis  and,  420 

Fever,  post-operative,  751 

Fifth  nerve,  anatomy  of,  19 

Forebrain,  connections  of,  with  cerebel- 
lum, 623 

Fracture  of  base,  734 
of  vault,  733 

Fractures  and  dislocations,  76 

French  disease,  306 

Friedreich's  disease,  641 

Functional  compensat  ion  in  apha-sia,  4S6, 
487 

restitut  ion  in  apha.sia,  486 
Fungus  cerebri,  749 
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G 


Galvanic  current,  use  of,  in  muscuUtr 

atrophies  and  dystrophics,  106 
Galvano-faradiziit  ion,  use  of,  in  muscular 

atrophies  anil  dystrophies,  106 
Gasserian  operation,  23 
Gastro-intestinal  headaches,  161 

tract,  in  cerebral  hemorrhage,  care 
of,  448 

Gelseminine  hydrochlorate  and  cerebral 

hemorrhage,  443 
Giddiness,  635 
Ghomatosis,  spinal,  586 
Globulin,  315 
Granulomata,  775 
Great  sciatic  nerve,  96 
Gmnmata,  cranial  bone,  321 
Gymnastics,  use  of,  in  muscular  atrophies 

and  dystrophies,  108 


H 


Hair-clad  parts,  67 
Headache,  708 

myalgic,  147 

syphilitic,  162 

in  tuberculous  meningitis,  155 
Headaches,  139 

bone  and  periosteal,  152 
diabetic,  160 
ear  disease,  152 
eye,  150 

gastro-intestinal,  161 

hysterical,  165 

intracerebral,  156 

intracranial,  152 

leukemic,  160 

manic-depressive,  165 

meningeal,  153 

nasal  and  frontal  sinus,  151 

nephritic,  160 

neurasthenia,  164 

psychogenic  and  psychotic,  163 

symptomatic,  of  toxemias,  159 
Hearing,  disturbances  of,  543 
Heat  and  cold,  70 
Hematomyeha,  774 

diagnosis  of,  differential,  593 

etiology  of,  591 

symptoms  of,  592 

treatment  of,  593 
Hemiataxia,  610 

Hemiopic  pupillary  inaction,  525 
Hemorrhage  in  intracranial  operations, 
747 

postoperative,  748 
suspected  intracranial,  735 
treatment  of,  as  cause  of  aphasia,  487 

Hemorrhages,  intracranial,  as  causes  of 
choked  disk,  714 

Henoch's  electric  chorea,  217 

Hereditary  or  coiigenifal  syphilis,  415 

Ilerxheimer  reaction,  336,  427 


HofTman-Werding  type  of  muscular  atro- 
phy, 133 
Hydrocephalus,  158 

internus,  as  cause  of  choked  disk,  715 
syphilitic,  419 
Hydrotherapy,  use  of,  in  muscular  atro- 
phies and  dystrophies,  106 
Hyperpinealism,  746 
Hypophysis  cerebri,  operations  on,  735 
intranasal  route  to,  740 
methods  of  approach  to,  735 
•  middle  cranial  fossa  route  to,  735 
superior  nasal  route  to,  738 
temporal  route  to,  736 
trans-sphenoidal,  extracranial  route 

to,  736 
tumors  of,  741 

Halstead's  methods  of  removal 
of,  742 
HypopineaUsm,  746 
Hypotonia,  cerebellar,  633 
Hysteria,  diagnosis  from  meningitis,  275 
Hysterical  affections,  71 
headaches,  165 


Idiopathic  epilepsy,  230 
Indurations,  148 

Infection,  avoidance  of,  in  intracranial 

operations,  747 
Infectious  diseases,  diagnosis  from  menin- 
gitis, 277 
epilepsy  and,  267 
Inflammations,  treatment  of,  as  causes  of 

aphasia,  488 
Influenza  neuritis,  39 
Infraclavicular  injuries,  90 
Injuries,  pressure,  54 

to  the  peripheral  nerves,  54 
traction,  54* 
Injury  in  continuity,  54 

musculospiral,  66 
Intermittent  claudication,  435 
Intestinal   conditions,   acute,  diagnosis 

from  meningitis,  276 
Intoxications  as  causes  of  optic  neuritis, 
716 

Intracerebral  headaches,  156 
Intracranial  headaches,  152 

operations,   dangers  and  complica- 
tions of,  747 
pressure  in  epilepsy,  254 
increased,  707 

diagnosis  of,  717 
symptoms  of,  708 
treatment  of,  721 
Intradural  tumors,  597 
Intramedullary  tumors,  598 
Intrasjjiiial  therapy  in  cerebral  syphilis, 
337 

Involuntary    and    spontaneous  move- 
ments, 610 
Iodides,  341 
Ischias,  30 
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Jumpers,  the,  178 
Juvenile  paresis,  354,  359 
types  of  myopathy,  126 


Krause's  fixation  method  for  removal  of 
cerebral  tumors,  730 


Laminectomy,  complications  and  after- 
treatment  of,  769 

incision  in,  765 

indications  for,  770 

leakage  of  cerebrospinal  fluid  after, 
769 

narcosis  for,  765 
operative  technique,  766 
position  of  patient  for,  764 
postoperative  treatment  of,  768 
preparation  of  patient  for,  764 
prevention  of  bed-sores  after,  770 
of  contractures  after,  770 
of  urinary  infection  after,  770 
Landouzy-Dejerine  type  of  myopathy, 
126 

Landry's  paralysis,  577 

diagnosis  of,  578 

etiology  of,  577 

pathology  of,  578 

polyneuritis  and,  37 

prognosis  of,  579 

symptoms  of,  577 

treatment  of,  579 
Latah,  178 
Late  epilepsy,  230 
Lead,  674 

encephalopathy,  treatment  of,  678 
neuritis,  43 

treatment  of,  678 
poisoning,  clinical  forms  of,  675 

prophylaxis  of,  676 

treatment,  677 
Leduc's  current,   use  of,   in  muscular 

atrophies  and  dystrophies,  106 
Left-handedness,  481 
Leukemic  headaches,  160 
Leyden's  type  of  myopathy,  126 
Lightning   stroke    as    cause   of  optic 

neuritis,  717 
Lisping,  510 
Local  shock,  753 

Localization  of  intracranial  affections,  719 
Long  thoracic  nerve,  93 
Lumbar  plexus,  neuralgia  of,  29 
puncture,  280,  723,  759 

blood  pressure  as  a  guide  in,  284 

indications  for,  759 

results  of,  284 

technique  of,  282,  762 

therapeutic  indications  for,  762 


^"^'^ooo  P""^'^"^^'  untoward  symptoms 

OIj  Zoo 

Lymphocytes   in   paretic  cerebrospinal 
fluid,  312 

Lymphocytosip  in  cerebrospinal  menin- 
gitis, 315 
in  herpes  zoster,  315 
in  multiple  sclerosis,  315 
in  pohomyelitis,  315 
in  sleeping  sickness,  315 
in  syphilis,  315 
in  tuberculous  meningitis,  315 


M 


Manganese,  681 
Manic-depressive  headaches,  165 
Marriage,   regulation   of,   in  muscular 

atrophies  and  dystrophies,  101 
Massage,  use  of,  in  muscular  atrophies 

and  dystrophies,  107 
Mastodynia,  29 

Mechanotherapy,  use  of,  in  muscular 

atrophies  and  dystrophies,  107 
Median  nerve,  injury  to,  67 
Meiostigmin  reaction  of  Ascoh,  720 
Meningeal  headaches,  153 

tumors,  597 
Meninges,  274 

anatomy  of,  281 
Meningism,  286 

serous  meningitis  and,  288 
Meningitides,  274 
diagnosis  of,  275 

differential,  275 
varieties  of,  302 
Meningitis  as  cause  of  choked  disk,  715 
cerebrospinal.      See  Cerebrospinal 

meningitis, 
diagnosis  from  acute  intestinal  con- 
ditions, 276 
from  exanthems,  276 
from  hysteria,  275 
from  infectious  diseases,  277 
from  pneumonia,  276 
from  typhoid,  276 
from  uremia,  276 
fibrosa  chronica,  774 
serous,  and  meningism,  288 
syphilitic,  154 

treatment  of,  aspirin  in,  278 

bromides  in,  279 

chloral  in,  279 

chloroform  in,  279 

hydrotherapy,  279 

ice  in,  279 

leeches  in,  279 

medicinal,  277 

mercury  in,  278 

morphine  in,  277 

palliative,  277 

urotropin  in,  278 
tuberculous,  diagnosis  of,  297 

prophylaxis  of,  297 

treatment  of,  299 
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Meningitis,  tuberculous,  treatment  of, 
lumbar  puncture  in,  300 
medicinal,  301 
surgical,  301 
tuberculin  in,  300 
Von  Bier's,  301 
Meningomyelitis,  symptoms  of,  principal, 
409 

syphilitic,  408 
Mercury,  679 

by  the  mouth,  340 
Metallic  substances,  672 
Midbrain,  diseases  of,  615 

disorders,  treatment  of,  621 
Migraine,  ophthalmic,  166 
Mononem-itis,  47 

Morphine  poisoning,  treatment  of,  689 
Town's,  692 
withdrawal  of,  689 

gradual,  690 

immediate,  691 

rapid,  692 
Motor  nem'ones,  555 
Mouth,  mercury  by,  340 
Multiple  sclerosis,  661 

age  incidence  of,  661 

course  of,  667 

diagnosis  of,  differential,  665, 
666 

etiology  of,  661 

frequency  of,  661 

mental  state  in,  663 

pathological  anatomy  of,  662 

symptoms  of,  663,  664,  665 

treatment  of,  667 
diet  in,  670 
electricity -in,  668 
hydrotherapy  in,  668 
massage  in,  668 
medicinal,  667,  668 
mental  symptoms  in,  669 
sjonptomatic,  668,  669,  670 
Muscle  neuroses,  144 
Muscular  atrophies.  111 

after  accident,  119 
treatment  of,  120 

arthrogenous,  117 
course  of,  119 
pathogenesis  of,  117 
symptoms  of,  118 
treatment  of,  119 

cerebral,  121 

pathology  of,  121 
symptoms  of,  122 

constitutional  diseases  as  causes 
of,  116 

course  of,  116 

electrotherapy  in,  105 

etiology  of,  99 

importance  of  trauma  in, 
103 

following  overexertion,  121 
from  inactivity  and  disuse,  113 
heredity  in,  100 
hydrotherapy  in,  106 
hygienic  measures  in,  102 
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Muscular  atrophies,  influence  of  general 
nutrition  on,  115 
of  stretching  and  constant 
pressure  on,  115 
mechanotherapy  in,  107 
pathology  of,  116 
physical  and  mental  training  in, 
103 

prevention  of  conception  in,  102 
progressive,  128 

Aran-Duchenne  type  of, 
128 

Charcot-Marie  Tooth  type 

of,  133 
neuritic  type  of,  133 
of  infants  and  children,  133 
treatment  of,  129 

prophylaxis  of,  101 

reflex,  113 

regulation  of  maiTiage  in,  101 
symptoms  of,  116 
dystrophies,  99 

electrotherapy  in,  105 
etiology  of,  99 

importance  of  trauma  in, 
103 

heredity  in,  100 
hydrotherapy  in,  106 
hygienic  measures  in,  102 
mechanotherapy  in,  107 
physical  and  mental  training  in, 
103 

prevention  of  conception  in,  102 
prophylaxis  of,  101 
regulation  of  marriage  in,  101 
hypertrophy  from  activity,  114 
Musculospiral  nerve,  96 
Myalgic  headache,  147 
Myasthenia  gravis,  220 

bulbar  symptoms  in,  221 
course  of,  222 
dm-ation  of,  222 
etiology  of,  220 
prognosis  of,  222 
pseudoparalytica,  220 
symptomatology  of,  221 
treatment  of,  222 
MyeUtis,  580 

com'se  of,  584 
etiology  of,  580 
pathology  of,  580,  581,  582 
prognosis  of,  584 
symptoms  of,  582,  583,  584 
treatment  of,  585 
varieties  of,  580 
Myoclonias,  the,.  218 
Myopathy,  primary,  125 

congenital  dystrophy,  type  of, 
127 

juvenile  type  of,  126 
Landouzy-Dejerino  type  of,  126 
Leyden's  type  of,  126 
pseudohypertrophic  type  of,  126 
treatment  of,  127 
types  of,  126 
Zimmerlin  type  of,  127 
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Myositis  ossificans,  localized  form  of,  122 

profj;ri!ssivo  form  of,  123 
Myotonia  acciui.sita,  214 
atrophica,  I'AS 
congenita,  13G 

diagnosis  of,  214 

etiology  of,  211 

pathology  of,  212 

prognosis  of,  214 

symptoms  of,  212 

treatment  of,  214 
Mj'riachit,  178 


N 

Nasal  and  frontal  sinus  headaches,  151 
Neosalvarsan,  chemistry  of,  430 

methods  of  administration  of,  431 

salvarsan  and,  334 
Nephritic  headaches,  160 
Nerve,  abducens,  anatomical  relations, 
526 

auditory,  542 

blocking  in  treatment  of  spasms,  186 
bridging,  79 

cochlear,  anatomical  relations  of,  542 
facial,  anatomical  relations,  536 
glossopharyngeal,  545 
hypoglossal,  552 

injuries  complicating  fractures  and 

dislocations,  76 
injmy,  after  results  of,  57 

examination  of,  method  of,  66 
recovery  from,  method  of,  60 
symptoms  of,  motor,  57 
treatment  of,  72 
oculo-motor,    anatomical  relations, 
526 

olfactory,  anatomy  of,  520 

disorders  of,  treatment  of,  521 

lesions  of,  520 
optic,  anatomy  of,  521 

diseases  of,  521,  522,  523,  524 
spinal  accessory,  551 
trigeminal,  alcohol  injection  of,  534 

anatomical  relations,  529,  530 

extirpation  of  ganglion  of,  534 

lesions  of,  531 

neuralgia  of,  532 

treatment  of,  533 
trochlearis,  anatomical  relations,  526 
vagus,  action  on  gastric  secretion, 
550 

on  kidney,  550 

on  pancreas,  550 

on  stomach,  549 
anatomical  relations  of,  546,  547 
functions  and  disorders  of,  548, 
549,  550 

vestibular,  anatomical  relations  of, 
542 

disturbances  of,  545 
Nerves,  complete  division  of,  55 
cranial,  520 

incomplete  division  of,  65 
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Nerves,  incomplete  division  of.  Bvmn 
toms  of,  58  ^ 
operation  upon,  73 
Noi-vous^  syphilis,  general  management 

Neuralgia  of  brachial  plexus,  26 
of  breast,  29 
cervicooccipital,  25 
of  fifth  nerve,  19 

constitutional  diseases  and 
24 

treatment  of,  21 

by  alcohol  injection,  22 
surgical,  22 
types  of,  19 
intercostal,  28 
of  lumbar  plexus,  29 
Quintus,  19 
of  sciatic  nerve,  30 
of  testicles,  29 
of  vagus,  25 
Neuralgias,  141 
causes  of,  18 

changes  in  nerve  in  relation  to  symp- 
toms, 18 

classification  of,  19 

clinical  differentiation  from  neui'i- 
tides,  18 

inflammation  and,  17 

therapeutic  problem  of,  18 
Neurasthenia  headaches,  164 

syphihtic  forms  of,  406 
Neuritides,  31 

cause  of,  18 

classification  of,  32 

clinical  differentiation  from  neural- 
gies,  18  • 

inflammation  and,  17 

plexus,  52 

result  of  gross  changes  in  nerve,  18 
toxic,  41 
Neiu-itis,  acute  retrobulbar,  524 
alcoholic,  41 

treatment  of,  42 
arsenical,  45 
arteriosclerotic,  46 
clironic  retrobulbar,  523 
of  cochlear  nerve,  51 
diabetic,  40 
of  eighth  nerve,  51 
electricity  in,  36 
of  eleventh  nerve,  52 
of  fifth  nerve,  48 
infections,  33 

diagnosis  of,  34 

treatment  of,  33 
influenza,  39 
lead,  43 

treatment  of,  678 
multiple.   See  Polyneuritis, 
occupation,  32 
optic,  postoperative,  716 
pneumonic,  40 
prossm-e,  32 
radicular,  53 
of  seventh  nerve,  49 
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Neuritis  of  sixth  nerve,  48 
in  tabes,  46 

of  thini  nerve,  47  ' 

tuberculous,  40 

of  twelfth  nerve,  52 

typhoid,  39 
Neui-omata,  "stump,"  85 
Neurorecidives,  337 
Neuroses,  muscle,  144 
Neurotropic,  336 

Nitrites,  use  of,  in  cerebral  hemorrhage, 
445 

Nitroglycerin  or  nitrites,  use  of,  in  cere- 
bral hemorrhage,  445 
Nodding  spasms  of  chilch-en,  188 
Noguchi  test  of  cerebrospinal  fluid,  761 
Nystagmus,  529,  719 
cerebellar,  633 


O 

Occipital  neuralgias,  142 
Ocular  errors  in  epilepsy,  247 

paralyses,  527,  528 
Oculomotor  nerve,  535 
Ophthalmic  migraine,  166 
Ophthalmoplegia  in  midbrain,  619 
Opium,  its  alkaloids  and,  687 

treatment,  689 

withdrawal  of,  689 
Optic  atrophy,  524,  525 

prevention  of,  in  tabes,  525 

neuritis,  523,  708 
etiology  of,  711 

thalamus,  608 
Orbital  disease  as  cause  of  optic  neuritis, 
717 

Orchidynia,  29 
Organic  epilepsies,  229 
Orientation  in  space,  626 


P 

Pachymeningitis  cervicalis  hypertroph- 

ica,  774 
Pam,  70 

Pains  about  the  head,  140 
of  central  origin,  611 
spontaneous,  614 
Pallidum,  treponcma,  343 
Palsies,  conjugate,  619 
pseudobulbar,  619 
Papilledema,  710 
Papilhtis,  523,  710 
Para-  or  meta-syphilis,  342 
Paralyses,  ocular,  527 
Paralysis  agitans,  651 

diagnosis  of  differential,  654 

etiology  of,  651 

frequency  of,  651 

gait  in,  653 

mental  changes  in,  654 
muscular  rigidity  in,  652 
pathology  of,  652 


Paralysis  agitans,  prophylaxis  of,  655 
symptoms  of,  652 

subjective  sensory,  654 
treatment  of,  655 
chmate  in,  660 
curative,  G56 
diet  in,  660 
electi'icity  in,  659 
exercise  in,  659 
hydrotherapy  in,  658 
massage  in,  658 
medicinal,  656 
occupation  in,  660 
psychotherapy  in,  660 
symptomatic,  656 
tremor  in,  653 
writing  in,  653 
crossed,  616 
facial,  536 
Landiy's,  577 
postanesthetic,  92 
superior,  616 
Paralytic  contractures,  109 
Paralyzed  hmbs  in  cerebral  hemorrhage, 

exercises  for  reeducation  of,  454 
Paramyoclonus  multiplex,  218 
Paramyotonia  congenita,  214 
Paranoid   types   of   dementia  pra?cox, 

simulating  syphihtic  psychoses,  407 
Parenchymatous  degeneration  of  cere- 
bellum, 640 
Paresis,  agitated  forms  of,  353 

alteration  of  emotional  activity  in, 
346 

alterations  in  reflexes  in,  348 
as  a  syphihtic  disease,  treatment  of, 
360 

astasia  and,  634 
character  alterations  in,  346 
convvdsive  phenomena  of,  347 
course  of,  355 

defects  of  retention  and  memory  in, 
345 

delusions  in,  345 

dementing  form  of,  349 

depressed  forms  of,  349 

disorders  in  speech  in,  347 

expansive  types  of,  351 

eye  symptoms  in,  347 

findings  in  cerebrospinal  fluid  in,  348 

forms  of,  349 

general,  342 

histopathology  of,  357 

impoverishment  of  ideas  in,  345 

irregular  types  of,  353 

juvenile,  354,  359 

loss  of  judgment  in,  345 

motor  incoordination  in,  347 

neurological  signs  of,  346 

perversion  of  cutaneous  sensibility 

in,  347 
possible  abortion  of,  358 
remissions  in,  349 

salvarsan  theory  of,  summary  of,  363 
symi)toms  of,  344 
treatment  of,  357 
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Paresis,  treatment  of,  form  of,  361 
meilieolegal,  304 
in  remissions,  3G2 
symptoms  of,  3(i7 
viusomotor  and  troi)liic  disturbances 
in,  349 
Pai'ctic  brains,  343 

scizm-es,  358 
Parkinson's  disease,  651 
Passive  movement  ami  posit  ion,  70 
Pcrii)heral  irritation  in  epilejjsy,  255 

nerves,  injuries  to,  54 
Phospliorus,  681 
Pineal  body,  tumors  of,  020 
disease,  adiposis  and,  620 
gland,  tumors  of,  745 
syndrome,  620 
Plasma  cells,  312 
Pleocytosis,  314 

Pneumonia,  diagnosis  from  meningitis, 
276 

Pneumonic  neuritis,  40 
Poisoning,  arsenic,  078 

carbon  bisulphide,  682 
copper,  681 
cocaine,  687 
cyanides,  683 
lead,  674 
manganese,  681 
mercury,  679 
opium,  687 
phosphorus,  681 
Pohomyelitis,  acute  anterior,  565 
bacteriology  of,  566 
diagnosis  of,  572 
onset  of,  568 
pathology  of,  567,  568 
symptoms  of,  566 
treatment  of,  573,  574,  575, 
576 

types  of,  569,  570 
meningitic  form  of,  294 

diagnosis  of,  295 
symptoms  of,  294 
treatment  of,  290 

prophylactic,  296 
specific,  297 
symptomatic,  297 
chronic  anterior,  133 
diagnosis  of,  from  polyneuritis,  34 
Polyneuritis,  diagnosis  from  poliomyehtis, 
34 

diphtheria,  37 

duration  of,  35 

Landry's  paralysis  and,  37 

rare  varieties  of,  37 

treatment  of,  34 
Postanesthetic  paralysis,  92 
Posterior  roots,  resection  of,  776.  See 

resection  posterior  roots. 
Prajcox,  dementia,  100 
Pressure  on  cord,  775 
Prolapsus  cerebri,  724,  749 
"Propo.sitionize,"  inability  to,  in  motor 

apliasia,  497 
Proprioceptive  system,  026 
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Protopathic  sensibility  defined,  554 
Pseudolmlbar  paralysis,  499 
Psjuj|(>l»ypoi'troi)hic  tyi)e  of  myoi,athy, 

Pseudoisochromatic  tabl(;s,  718 
Pseudostiitleriiig,  511 
Pseudotumor  cerebri,  647 
Pseudoparesis,  406 

Psychogenic  and  psychotic  headaches 
163  ' 

Psychotic  and  psychogenic  headaches 
163 

Pulmonary  edema,  250 
Puncture  of  brain,  723,  753.   See  Brain 
puncture. 

of  corpus  callosum,  722 

of  sella  turcica,  744 

of  ventricles,  757 


Q 

Qtjadrigeminal  bodies,  symptoms  of, 
disease  of,  620 


R 

Radicular  neuritis,  53 
Rattlesnake  venom,  246 
Raynaud's  disease,  435 
Red  nucleus,  618 
Reflex  tenderness  on  scalp,  144 
Reflexes,  556 
eye,  318 

Resection  of  posterior  roots,  776 
indications  for,  778 
value  of,  777 
of  spinal  nerve  roots,  771 
Respiration  centre,  pressure  on,  718 
Respiratory  failure,  treatment  of,  in  intra- 
cranial operations,  747 
Retina,  vascular  diseases  of,  521 
Retinitis,  522 
Right-handedness,  481 

hemisphere,  assumption  of  functions 
by,  480 
function  of,  479 


S 

Sacro-iliac  synchondrosis,  31 
Salvarsan,  alkaline  solutions,  intramu.s- 
cular  injection  of,  425 
chemistry  of,  424 

disadvantages  and  advantages  of, 
335 

intravenous  injection  of,  426 
precaut  ions  in,  420 
reaction  to,  426 

methods  of  administration  of,  423 

neosalvarsan  and,  334 
in  tabes,  395 

oily  susi)ension,  injection  of,  425 

in  paresis,  428,  430 
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Salvarsan,  pharmacology  of,  423 

in  syphilis  of  nervous  system,  427 
in  tabes,  428,  429 
therapy,  clangers  of,  427 

general  principles  of,  427 

Sciatic  nerve,  neuralgia  of,  30 

Sciatica,  30 

Sclerosis,  amyotrophic  latei'al,  135 
Segregation  of  epileptics,  271 
SeUa  tm-cica,  enlargement  of,  719 

trepanation  and  puncture  of, 
744 

Sensation,  70 

examination  of,  66 
loss  of,  610 
Sensibility,  deep,  defined,  554 
SeJisory  symptoms,  55 
Serological  or  biological  tests  of  blood 
and  cerebrospinal  fluid,  310 
investigation  of  blood,  309 
Shock,    treatment    of,    in  intracranial 

operations,  747 
Skew-deviation,  526,  615 
Skin,  "glossy,"  67 
Skull,  hypertrophy  of,  719 
Softening  of  brain,  748 
Spasm,  176 

facial,  184,  541 
Spasmodic  disorders,  group  of,  176 
Spasms,  183 

cortical,  an  Jacksonian  epilepsy,  184 
definition  of,  183 
etiology  of  ,  184 
of  trunlv  and  extremities,  193 
prognosis  of,  185 
of  respiratory  muscles,  193 
symptoms  of,  184 
treatment  of,  185 
Speech  mechanisms,  479 

differences  of,  481 
tic,  510 
Spinal  accessory  nerve,  88 
caries,  601 

diagnosis  of,  605 
etiology  of,  601 
pathology  of,  601 
prognosis  of,  605 
symptoms  of,  603,  604 
treatment  of,  605 
connections  of  cerebellum,  622 
cord  localization,  anatomical  diag- 
nosis of,  554 
charts  of  segmental,  558, 559 
of  level  of  lesion  in,  563 
of  organic  diseases  of,  553 
pathological   diagnosis  of, 
564 

in  transverse  section  of,  556 
in  vertical  direction  of,  557 
relation  of  spinous  processes  to 

segments  of,  563,  564 
segmental  distribution,  560,  561, 
562 

surgery  of,  759 
tumors  of,  594 
gliomatosis,  586 
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Spinul  puncture,  723,  759.    See  Lumbar 

puncture. 
Spinocerebellar  arc,  623 
Spirochetal  in  i)aresis  and  tabes,  429 
Stammering,  510 

not  a  tic,  179 
Status  epilepticus,  249 
Sterilization  of  epileptics,  271 
"Stump"  neuromas,  85 
Stuttering,  505 

causes  of,  506 

diagnosis  of,  509 

exercises  for,  513 

scheme  to  illustrate  mechanism  of, 
512 

stages  of,  507 
symptoms  of,  506 
treatment  of,  511 
Subcutaneous    injm'ies,    treatment  of, 
75 

Suture,  recovery  after  primary,  73 

secondary,  76 
Sympathetic  cervical,  lesions  of,  527 
Symptomatic  epilepsies,  230 
Synchondrosis,  sacroiliac,  31 
Sjrphilis,  brain,  as  cause  of  choked  disk, 
716 

congenital  or  hereditary,  415 
of  cranial  bones,  321 
effect  of  hereditary,  415 
endemic,  of  nervous  system,  306 
feeble-mindedness  and,  420 
of  nervous  system,  304 

clinical  forms  of,  318 

diagnosis  of,  309 

historical      outline  of, 
306 

Syphilitic  delirious  confusion,  406 
diseases  of  nervous  system,  304 
epilepsies,  265 
forms  of  neurasthenia,  406 
headache,  162 
hydrocephalus,  419 
meningeal  symptoms,  409 
meningitis,  154 

of  the  base,  322 
of  the  convexity,  323 
meningomyehtis,  408 
myelitic  syndromes,  410 
psychoses,  406 

simulating  manic-depressive 
type,  407 
paranoid  types  of  dementia 
pra;cox,  407 
root  symptoms,  410 
spastic  system  syndrome,  410 
spinal     syndromes,    treatment  of, 
411 

Syphiloma,  729 
Syringomyelia,  586 

diagnosis  of,  591 

etiology  of,  586 

pathology  of,  587 

prognosis  of,  591 

symptoms  of,  587,  588,  589,  590 

treatment  of,  591 
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Tabes,  3G9 

accessory  factor  in  development  of, 
375 

analgesics  in,  380 
countcrin-itat  ions  and,  385 
course  and  progress  of,  372 
cranial  nerve  involvements  in,  372 
Edinger's  views  on  development  of, 
379 

electricity  and,  385 
epidui'al  and  subdm-al  injections  in, 
405 

exorcises  in  reeducation  and,  388 

hydrotherapy  and  massage  in,  383 

lesion  of,  373 

mechanotherapy  and,  384 

neuritis  in,  46 

pains  and  crises  in,  370 

prognosis  of,  373 

prophylaxis  of,  375 

reflex  disturbances  in,  371 

salicylates  in,  405 

salvai'san  and  neosalvarsan  in,  395 

sexual  excesses  and,  376 

Swift-EUis  method,  399 

symptomatology  of,  370 

trauma  and,  377 

treatment,  for  ataxia,  387 
direct,  of  pains,  380 
energetic  combined,  399 
etiological,  393 
importance  of  early,  374 
inunction,  404 

surgical,  of  pains  and  crises  in, 
386 

Tabetic  pains  and  crises,  treatment  of, 
373 

psychoses,  408 
Taboparesis,  353 
"Teething  convulsion,"  226 
Tegmentum,  lesions  of,  616 

softening  of,  617 
Tenotomy  in  treatment  of  ocular  para- 
lyses, 529 
Testicles,  neuralgia  of,  29 
Tetany,  194 

of  acute  infectious  diseases,  195 

in  adults,  195 

after  removal  of  parathyroids,  196 
in  children,  195 

treatment  of,  201 
complicating  nervous  disease,  196 
course  of,  199 
definition  of,  195 
diagnosis  of,  200 
due  to  drugs,  196 
duration  of,  199 
etiology  of,  195 

of  gastric  and  intestinal  afTcctions, 
195 

idiopathic,  195 
muscular  cramps  of,  197 
pathogenesis  of,  196 
postoperative,  198 


Tetany,  postoperative,  prophylaxis  of, 

of  pregnancy,  parturition,  and  lactar 
tion,  196 

prognosirj  of,  199 

psychic  disturbances  in,  199 

reflexes  in,  199 

sensory  phenomena  of,  198 

symptomatology  of,  197 

treatment  of,  201 

trophic  phenomena  in,  199 
Thalamic  headaches,  153 
Thalamus,  central  pain  and,  611 

optic,  608 

treatment,  613 
Thomsen's  disease,  136.    See  Myotonia 

congenita. 
Thrombosis,  cerebral,  468 

sinus,  as  cause  of  choked  disk,  715 

treatment  of,  as  cause  of  aphasia,  488 
Tic,  convulsive,  179 

doloureaux,  532 

speech,  510 
Tics,  176 

characteristics  of,  177 

definition  of,  177 

diagnosis  of,  179 

etiology  of,  178 

pathology  of,  179 

prognosis  of,  180 

of  speech,  179 

treatment  of,  180 
hygienic,  180 

reeducation  method  in,  181 
surgical,  180 

varieties  of,  178 
Torticollis,  186 

disequilibrating,  causes  of,  187 

diagnosis  of,  differential,  188 

etiology  of,  187 

mental  form  of,  188 

pathologj'  of,  188 

prognosis  of,  189 

symptomatology  of,  188 

treatment  of,  189 
surgical,  190 
Touch,  superficial  and  deep,  70 
Tower  skull,  719 
Toxemias,  159 
Traumatic  epilepsies,  266 
Tremor,  618 

lesions  which  produce,  617 
Trepanation  of  sella  turcica,  744 
Trephining,  histoiy  of,  697,  698,  699 
Treponema  pallidum,  343 
Trismus,  191 

functional,  191 

spasmodic  forms,  192 
Tuberculoma,  728 

Tuberculous  meningitis,  headache  m,  loo 

nein-itis,  40 
Tumor,  brain,  156 

cerebellar,  643  j  j-  i  -19 

cerebri,  as  cause  of  choked  disk,  / 1- 
operations   for  special  indica- 
tions, 724 
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Tumors,  basal,  as  cause  of  choked  disk, 
712 

bony,  of  spine,  772 
of  brain-stem,  647 

of  cerebellopontine  angle  as  cause  of 

choked  disk,  712 
cortical,  as  cause  of  choked  disk,  714 
cysts  of  hypophysis,  as  cause  of 

choked  disk  and,  712 
extracercbellar,  647 
extradiu'al,  596 
of  foiu-th  ventricle,  647 
intradural,  597 
intramedullary,  598 
malignant,  dangers  from,  747 
meningeal,  597 
of  pineal  gland,  745 
of   posterior   fossa,    as   causes  of 

choked  disk,  712 
serological,  diagnosis  of,  720 
of  spinal  cord,  594 

dura,  773 
treatment  of,  as  causes  of  aphasia, 

488 

vertebral,  594 
Typhoid,  diagnosis  of  meningitis  from, 
276 
neuritis,  39 


U 


Ulcers  of  nerves,  67 
Ulnar,  hand,  67 
nerve,  95 

injury  to,  67 
Unverricht's  myoclonus  epilepsy,  219 
Uremia,  diagnosis  from  meningitis,  276 


Vagus  nerve,  88 

Vascular  crises  of  splanchnic  area,  435 
Veins  in  diploe  and  internal  (able,  719 
Ventricle,  tumors  of  the  fourth,  647 
Vertebral  tumors,  594 
Vertigo,  708 

cerebellar,  635 
Virchow-Robin  spaces,  313 
Visuals,  482 
Vomiting,  708 


W 


Wassermann  reaction,  423 

in  cerebrospinal  fluid,  761 
in  syphiKs  of  nervous  system, 
310 

Weber,  syndrome  of,  616 
Word-blindness,    Bastian's  suggestions 

for  treatment  of,  496 
"Worm-fit,"  226 
Writing  centre,  478 
Wry-neck.    See  Torticollis. 


X-RAY,  718 


ZiMMERLiN  type  of  myopathy,  127 
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A 

Abasie  trepidante,  i,  707 
Abiotrophies,  hereditary,  i,  37 
Abscess,  brain,  ii,  714 
Abstinence,  sexual,  i,  110 
Accident,  convalescence  from,  i,  440 

relation  of  neurosis  to,  i,  439 
Achondroplasia,  i,  489 
Aconitine,  cerebral  hemorrhage  and,  ii, 
442 

Acquu-ed  character,  i,  24 
Acquisitiveness,  instinct  of,  i,  63 
Acromegaly,  i,  493 
Acroparesthesia,  i,  506 
Activities,  reflex,  i,  60,  61 
Adaptation,  social,  i,  56 
Adaptive  instincts,  i,  68,  69 
Adiadochokinesis,  ii,  634 
Adiposis  cerebrahs,  i,  498 

pineal  disease  and,  ii,  620 
Adiposity  of  pituitary,  i,  498 
Adjudication  of  insanity,  i,  718 
Adolescent  instabihty  and  crime,  i,  223 
Affect  psychoses,  i,  532 
Afferent  and  efferent  connections  of  the 

cerebellum  with  the  forebrain,  ii,  623 
African  immigration,  i,  247 
Agenesis  of  cerebellum,  ii,  640 
Agnosia,  ii,  478 
Agraphia,  ii,  503 
Aktualneurosen,  i,  339 
Alcohol,  i,  812 

danger  of,  in  defectives,  i,  206 

differences  of  reaction  to,  i,  291 

for  dysmenorrhea,  i,  291 

effect  of,  i,  296 

epilepsy  and,  i,  293;  ii,  266 

influence  of,  in  producing  disease,  i, 
296 

injection  for  neuralgia  of  fifth  nerve, 
ii,  22 

mental  depression  and,  i,  292 
methyl,  poisoning  by,  i,  306 
moderate  use  of,  i,  289 
occupation  and,  i,  291 
as  selective  agent,  i,  53 
as  stimulant,  i,  290 
Alcoholic  coma,  i,  306 

consumption  in  army,  i,  771 
delusional  states,  i,  323 
dementia,  i,  327 
hallucinosis,  acute,  i,  316 
II  mental  disturbances,  i,  308 
VOL.  II — 51 


Alcoholic  neuritis.   <See   Neuritis,  aico 
holic,  ii. 

pseudoparesis,  i,  328 

psychoses,  i,  308 
Alcohohsm,  acute,  i,  305 

in  army,  i,  770 

chronic,  i,  299 

constitutional  weakness  and,  i,  293 
crime  and,  i,  219,  220 
deterioration  resulting  from,  i,  305 
as  expression  of  psychosis,  i,  292 
feeble-mindedness  and,  i,  762 
heredity  and,  i,  295 
instruction  of  young  regarding,  i,  300 
military  offences  and,  i,  773 
proprietary  "cures"  for,  i,  302 
psychoneurotic  taint  and,  i,  294 

Ahens,  deportation  of,  i,  281 

Allelomorphs,  i,  27 

Alphabet,  physiological,  Wyllie's,  ii,  494 
Alzheimer's  disease,  i,  698 
Amalgamation,  an  alternative  to,  i,  268 

of  races  defined,  i,  245 
Ambition,  lack  of,  i,  96 
Amblyopia,  toxic,  ii,  523 
Amentia,  treatment  of,  i,  527 
Amnesia  in  pathological  drunkenness,  i, 
329 

Amphimixis,  i,  22 

Amyotrophic  lateral  sclerosis,  ii,  135 
Analysis,  causal,  i,  379 

dream,  i,  395 
Anaphylaxis,  i,  519 
Anarthria,  ii,  498 

Ancestral  inheritance,  Galton's  law  of,  i, 
25 

Anemia,  chlorosis  and,  ii,  160 
Anesthesia,  dangers  from,  in  intracranial 
reactions,  ii,  748 

sexual,  treatment  of,  i,  120 
Aneurysm,  as  cause  of  choked  disk,  ii,  716 
Anger,  i,  93 
Angioneuroses,  i,  503 
Angioneurotic  edema,  i,  507 
Angstneurose,  i,  345 
Ankyloses,  ii,  110 

paralytic,  ii,  109 
Anomaloscope,  ii,  718 
Anticipation,  law  of,  i,  46 
Anxiety  hysteria,  i,  348,  406 

neurosis,  i,  345 

psychosis,  presenile,  i,  675 
Aphasia,  i,  848 

congenital,  ii,  483 
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Aphasia,  crossed,  ii,  481 

motor  and  sensory,  combinations  of, 

ii,  479 
prognosis  in,  ii,  483 
sensory,  ii,  478 

transient,  treatment  of,  ii,  489 
Apinealism,  ii,  746 

Aplasia-axialis  extracorticalis  congenita, 

i,  37 
Apraxia,  ii,  501 

Argyll-Robertson  pupil,  ii,  527 

Armies,  management  of  mental  disease 

in,  i,  755 
Army,  alcoholism  in,  i,  770 

dementia  prajcox  in,  i,  763 

desertion  and,  i,  798 

feeble-mindedness  in,  i,  759 

life,  heat  stroke  and,  i,  779 

mental  disease  in,  i,  754 

nervous  disease  in,  i,  754 

paresis  in,  i,  768 

suicide  and,  i,  782,  788,  789 
Arsenical  neuritis,  ii,  45 
Art  of  love,  i,  121 

Arteriosclerosis,  cerebral,  i,  419,  680 
of  cord,  i,  704 

senile  deterioration  and,  i,  847 
Arteriosclerotic  mental  disease,  i,  675 

neuritis,  ii,  46 
Artery,  retinal,  embolism  of,  ii,  521 

thrombosis  of,  ii,  522 
Arthrogryposis,  ii,  200 
Assimilation  of  races,  definition  of,  i,  245 

of  new  immigration,  i,  269 
Association  in  memory,  i,  82 

tests,  i,  828  _ 
Astasia  and  paresis,  ii,  634 
Asynergia,  ii,  630 

Ataxia  in  tabes,  treatment  of,  ii,  387 
Athetosis,  treatment  of,  ii,  614 
Athyroidism,  i,  481 

Atrophies,    muscular.      See  Muscular 

atrophies,  ii. 
Attention,  i,  83 
Auditives,  ii,  482 
Autoerotic  phenomena,  i,  109 
Autopsies,  i,  849 


6 

Bacteriological  studies,  i,  850 
Bacteriology,  autopsy,  in  mental  diseases, 
i,  521 

Base,  syphilitic  meningitis  of,  ii,  322 
Basedowoid  types,  i,  473 
Basedow's  disease,  i,  469 
Baths  in  manic  depressions,  i,  546 
Behavior,  i,  56 

acquired,  i,  57 

affective  aspect  of,  i,  90 

conscious  correlates  of,  i,  71 

environment  and,  i,  57 

imagination  in,  i,  73 

inherited  modes  of,  i,  60 

memory  in,  i,  76 


Behavior,  new  modes  of,  i,  68 

will  in  relation  to,  i,  95 
Benedikt,  syndrome  of,  ii,  618 
Beneficiary,  physician  as,  i,  729 
Bergeron's  electvi,;  chorea,  ii,  217 
Berlinische  Triibung,  ii,  717 
Binet-Simon  scale,  Goddard's  revision  i 
158 

Biological  or  serological  tests  of  blood  and 

cerebrospinal  fluid,  ii,  310 
Birth  paralysis,  brachial,  ii,  91 
Bjcrrc  on  paranoia,  i,  634 
Bleuler  on  paranoia,  i,  619 
BUsters,  ii,  67 

Blood  pressure  as  a  guide  in  lumbar 

puncture,  ii,  284 
Bone  and  periosteal  headaches,  ii,  152 
Borderline  types,  i,  233 
Brachial  birth  paralysis,  ii,  91 

plexus,  ii,  89 
Brachialgia,  ii,  26 
Bradycardia,  ii,  718 
Brain,  abscess  of,  ii,  714 

calcification  of,  ii,  719 

edema  of,  ii,  748 

fag,  i,  341 

puncture,  ii,  723,  753 

softening  of,  ii,  748 

tumor  of,  ii,  156 
Brain-stem,  tumors  of,  ii,  647 
Brains,  paretic,  ii,  343 
Brand  treatment  in  ty])hoid,  i,  525 
Breast,  neuralgia  of,  ii,  29 
Bridging,  nerve,  ii,  79 
Broca's  centre,  ii,  477 
Bulbar  paralyses,  progressive,  ii,  134 
Bullying,  i,  64 


C 

Caisson  disease,  ii,  606 
Capacity  of  lunatic  to  bring  action  at 
court,  i,  741 
to  convey  real  estate,  i,  741 
to  testify,  i,  738 
Carbohydrate  tolerance,  i,  495,  499 
Carbon  bisulphide,  ii,  682 
Cardiac  disease,  epilepsy  and,  ii,  267 
Caries,  spinal.   See  Spinal  caries,  ii. 
Castration,  i,  205 
Catalepsie  cer(5bellcuse,  ii,  634 
Causal  analysis,  i,  379 
CeUus  aurelianus,  i,  530 
Central  pain,  thalamus  and,  ii,  611 
Cerebellar  astasia,  ii,  625 

asthenia,  ii,  625 

ataxia,  ii,  628 

atonia,  ii,  625 

degenerations,  hereditary,  ii,  641 
secondary  to  toxic  influences,  ii, 
641 

disease,  chronic,  ii,  637 
disorders,  ii,  621 
equilibrium,  ii,  631 
functional  localization,  ii,  638 
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Cerebellar  ^aii,  ii,  031 
hypotonia,  ii,  633 
incoordination,  ii,  030 
ocuUu"  movements,  ii,  033 
nystagmus,  ii,  633 
speech,  ii,  632 

system  and  connections,  disease  of, 

ii,  639 
tumor,  ii,  643 
vertigo,  ii,  635 
Ccrebelleuse  catalepsie,  ii,  634 
Cerebello-rubro-spinal  system,  ii,  618,  628 

-thalamo-cortical  system,  ii,  628 
Cerebellum,  abscess  of,  treatment  of,  ii, 
648 

agenesis  of,  ii,  640 

connections  of,  with  the  forebrain, 

afferent  and  efferent,  ii,  623 
functions  of,  ii,  624 
parenchymatous  degeneration  of,  ii, 

640 

spinal  connections  of,  ii,  622 

tumors  of,  treatment  of,  ii,  648 
Cerebral  ai'teriosclerosis,  i,  39,  680 

embolism,  ii,  433,  463 

hemorrhage,  ii,  433 

inheritance  in,  i,  39 

hemorrhages,  spontaneous,  ii,  434 

palsy  of  children,  inheritance  in,  i,  38 

syphilis,  ii,  324 

thrombosis,  ii,  433,  468 

tumors,  Ivrause's  fixation  method  for 
removal,  ii,  730 
Cerebropathia  psychica  toxaimica,  i,  522 
Cei-ebro-ponto-cerebellar  system,  ii,  628 
Cerebrospinal  fluid,  ii,  310 

meningitis,  ii,  290 
Cervical  rib,  ii,  92 

Charcot-Marie  Tooth  type  of  muscular 

atrophy,  ii,  133 
Chemistry  of  cerebrospinal  fluid,  ii,  762 
Child,  subnormal,  i,  59 
Chlorosis,  anemia  and,  ii,  160 
Choked  disk,  ii,  523,  708 
Chordoma,  ii,  745 
Chorea,  i,  221 

electrica,  ii,  216 

Huntington's,  ii,  215 
inheritance  in,  i,  33 

insaniens,  ii,  206 

Sydenham's,  ii,  207 
Chromosomes,  constitution  of,  i,  25 
Circumflex  nerve,  ii,  93 
Claw  hand,  ii,  67 
Cochlear  nerve,  neuritis  of,  ii,  51 
Coitus,  frequency  of,  i,  123 

intorruptus,  i,  122 

during  pregnancy,  i,  124 

reservatus,  i,  123 
Collapse  delirium,  treatment  of,  i,  527 

postoperative,  ii,  748 
Colonial  spirits,  i,  300 
Color  fields,  reversal  of,  ii,  717 
Columbian  spirits,  i,  3()0 
Coma,  alcoholic,  i,  300 
Commitment  after  adjudication,  i,  719 


Commitment,  legal,  i,  716 
of  non-indigent,  i,  720 
under  influence  of  liquor  or  drugs,  i, 
717 

voluntary,  advantages  of,  i,  713 
Community  group,  as  unit  for  study,  i, 
241 

Compass  test,  ii,  68 
Complex,  i,  362 

assimilative  capacity  of,  i,  355 

Friedmann's,  i,  418 
Compromise  formations,  i,  390 
Conception,  prevention  of,  i,  116 
Concussion  of  brain,  i,  419 
Conflicts,  mental,  delinquency  and,  i,  236 
Congenital  or  hereditary  syphilis,  ii,  415 
Conjugate  ocular  movements,  ii,  619 

palsies,  ii,  619 
Conscious  correlates  of  behavior,  i,  71 

imitation,  i,  69 
Consciousness,  i,  71 

attentive,  i,  77 
Constitutional  inferiority,  i,  233,  846 

manic-depressives,  i,  534 
Constructiveness,  instinct  of,  i,  03 
Contagious  diseases,  control  of,  i,  840 
Conteinpt,  i,  93 
Contracts,  insanity  and,  i,  734 

of  life  insurance,  i,  730 

marriage,  i,  737 

for  necessaries,  i,  734 

power  of  fiduciary  to  make,  i,  736 
Contractures,  action  of  antagonists  in, 
ii,  109 

paralytic,  ii,  109 
Contrectation,  i,  103 
Convalescence,  i,  835 
Conversion,  i,  93,  391 
Convexity,  syphihtic  meningitis  of,  ii,  323 

types  of  cerebral  syphilis,  ii,  325 
Convulsion,  "teething,"  ii,  226 
Convulsions,  ii,  708 

hysterical,  rarity  of,  i,  440 
Coordination,  nem'omuscular,  i,  180 
Cord,  pressure  on,  ii,  775 

secondary  operations  on,  ii,  779 
Corporations,  responsibihty  of,  i,  418 
Corpus  callosum,  puncture  of,  ii,  722 
Cortex,  effects  of  excision  of,  ii,  751 
Cranial  bone  gummata,  ii,  321 

deformity  as  cause  of  choked  disk, 
ii,  716 
Craniectomy,  i,  205 

anesthesia  for,  ii,  701 

attacking  the  bone,  ii,  703 

bone  instruments  for,  ii,  703 

closure  of  wound  in,  ii,  706 

control  of  hemorrhage  in,  ii,  704 

exploratory  puncture  for  pus  in,  ii, 
705 

incision  in,  ii,  703 
indications  for,  ii,  700,  707 
position  of  patient  in,  ii,  701 
postoperative  treatment  of,  ii,  706 
preparation  for,  ii,  700 
Craniostenosis,  ii,  719 
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Cretinism,  i,  37,  481,  486 

eiulemio,  i,  488 

siJoradic,  i,  488 
Crime,  (Icfinitiou  of,  i,  195 

drunkenness  imd,  i,  219 

insanity  and,  i,  742 
Criminal,  born,  i,  232 
"Criminal  man,"  meaning  of  term,  i,  663 
Criminalism  and  law  of  habit,  i,  199 
Criminality,  inheritance,  i,  47 
Criminaloid,  i,  232 
Criminals,  dangerous,  i,  668 

habitual,  i,  669 

insane,  groujis  of,  i,  664 
Criminology  and  insanity,  i,  846 
Crotalin,  ii,  246 

Crura  cerebri,  syndrome  of,  ii,  616 

Curiosity,  i,  69 

Cj^clothymia,  i,  575 

Cysts,  ii,  727 

as  cause  of  choked  disk,  ii,  712,  714 
parasitic,  dangers  from,  ii,  747 

Cytological  examination  of  the  cerebro- 
spinal fluid,  ii,  309,  311 

Cytology  of  cerebrospinal  fluid,  ii,  761 


D 

Damages  for  injury  to  nervous  system, 
i,  750 

Dana-Foerster  operation,  ii,  771 
Dangerous  trades,  ii,  672 
Deception,  pei'niciousness  of,  i,  202 
Decompression,  atypical,  ii,  722 

of  sellar,  i,  501;  ii,  721 

suboccipital,  ii,  721,  726 

subtemporal,  ii,  721,  724 

temporary,  ii,  729 
Defect,  acquii'ed,  i,  153 

due  to  deprivation,  i,  154 

hereditary,  i,  153 
Defective  and  normal  mind,  i,  175 
Defectives,  high-grade,  training  of,  i,  179 

imagination  in,  i,  176 

lack  creative  imagination,  i,  177 

language  in,  i,  176 

low-grade,  training  of,  i,  179 

memory  in,  i,  175 

sterilization  of,  i,  190 
Deficiency,  direction  of,  i,  191 
Degeneracy  of  Morel,  i,  617 

prison  psychoses  and,  i,  667 

school  of,  i,  664 
Degeneration,  stigmas  of,  i,  805 
Degenerations,  cerebellar,  secondary  to 

toxic  influences,  ii,  641 
"Degenerative  habitus,"  i,  669 

psychoses  prison,  i,  671 
types  of,  i,  668 
Delinquency,  definition  of,  i,  195 

in  juveniles,  i,  202 
Delinquent,  examination  of,  i,  198 

R'rls-  i>  59  .... 
tendencies,  early  recognition  of,  i, 

199 


Delinquents,  treatment  of,  i,  196 
Delirious  states,  i,  457 
Delirium  acutum,  i,  528 
drug,  ii,  684 
nervosum,  i,  457 
tremens;,  i,  310 
Delusion  formation,  i,  616 
Delusional  states,  alcoholic,  i,  323 
Dementia,  alcoholic,  i,  327 
arteriosclerotic,  i,  455 
epileptic,  i,  455 
organic,  i,  455 
prsecox,  i,  457;  ii,  166 
in  army,  i,  763 
biochemical  theory  of,  i,  590 
brain  process  versus  social  activ- 
ity, i,  590 
clinical  picture  of,  is  polymor- 
phous, i,  591 
constitutional  traits  of,  i,  594 
cultivation  of  healthy  activities 

in  treatment  of,  i,  598 
home  environment,  i,  594 
Kraepelin's  conception  of,  i,  591 
marriage  in,  i,  597 
occupation,  guiding  principles, 
i,  607 

preventability  of,  i,  814 
readjustment  in,  i,  603 
sexual  instinct,  i,  596 
social  environment,  i,  596 
symptoms  of,  i,  602 
treatment  of,  i,  601 
senile,  i,  455 

Depressed  states,  i,  543 

Depression,  mental,  alcohol  and,  i,  292 

Depressions,  treatment  of,  i,  543 

Dermatomyosi-tis,  ii,  124 

De  Sanctis'  tests,  i,  155 

Desertion  in  army,  i,  798 

Determiners,  i,  26 

Detumescence,  i,  103 

Diabetic  headaches,  ii,  160 
nem'itis,  ii,  40 

Diaschisis,  ii,  482,  752 

Diphtheritic  polyneuritis,  ii,  37 

Diphtheroid  bacillus,  i,  522 

Dipsomania,  i,  293,  575 

Dispensaries,  i,  817 

Displacement,  i,  353,  362 

Dissimilar  heredity,  i,  43 

Dissociation,  i,  385 

Distortion,  i,  389 

Dizziness,  ii,  635 

Doing  of  things,  i,  180 

Dominance,  imperfection  of,  i,  31 

Dominant,  extracted,  i,  27 
pure,  i,  27 

trait,  inheritance  of,  i,  29 
Dominants,  i,  26 

Drainage  of  lateral  ventricle,  ii,  723 
of  spinal  subdural  space,  ii,  723 
Dream  analysis,  i,  395 
Dreams,  st  udy  of,  i,  830 
Drug  delirium,  ii,  684 
Drugs,  habit-forming,  ii,  687 
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Drunkards,  commitment  and  estates  of, 

i,  712 
Drunken  gait,  ii,  631 
Drunkenness,  crime  and,  i,  219 

pathological,  i,  328 
Dubini's  disease,  ii,  216 
Dubois  and  reeducation,  i,  627 
Duplex  heretlity,  i,  26 
Dust  and  fumes,  ii,  672 
Dwarfism,  i,  489 
Dysarthria,  ii,  498 

Dyskinesia),  occupational,  miscellaneous, 

i,  467 
Dysmetria,  ii,  630 
Dyspituitarism,  i,  492 
Dyspraxia,  ii,  501 
Dysthymia,  i,  529 
Dysthymic  types,  i,  578 
Dystrophies,  muscular.    See  Muscular 

dystrophies,  ii. 

t 

E 

Ear  disease  as  cause  of  choked  disk,  ii, 
716 

headaches  in,  ii,  152 
middle,  treatment  of  diseases  of  and 
labyrinth,  ii,  544 
Edema,  acute  circumscribed,  i,  507 
angioneurotic,  i,  507 
of  brain,  ii,  748 
Edinger's  views  on  development  of  tabes, 

ii,  379 

Education  of  idiot,  i,  143 

inferior,  of  new  immigration,  i,  266 
physiological,  i,  144 
place  of  feelings  and  emotions  in,  i, 
94 

psychoneuroses  and,  i,  411 

of  savage,  i,  143 

scope  of,  i,  56 

social  value  of,  i,  57 

of  subnormal  classes,  i,  57 
Educational  ideals,  i,  57 
Elbow,  deformity  at,  ii,  94 
Electrotherapy  in  muscular  atrophies  and 

dystrophies,  ii,  105 
Emboh,  formation  of,  ii,  464 
Embolism,  cerebral,  ii,  463 

treatment  of,  as  cause  of  aphasia,  ii, 
487 

Emotion,  i,  87 
Emotional  experiences,  i,  93 
Encephalitis  as  cause  of  choked  disk,  ii, 
716 

Encephalomalacia,  ii,  748 
Encephalopathy,  lead,  treatment  of,  ii, 
678 

Endemic  syphilis  of  nervous  system,  ii, 
306 

Environment,  behavior  and,  i,  57 
concept  of,  i,  49 
heredity  and.  i,  18 
hospital,  i,  832 
influence  of,  i,  47 


Epicritic  loss,  ii,  67 

sensibility,  ii,  67 
Epilepsies,  ii,  225 

symptomatic,  ii,  265 

syphilitic,  ii,  265 

traumatic,  ii,  266 
Epilepsy,  i,  214 

alcohol  and,  i,  293;  ii,  260 

in  army,  i,  783 

birth  injuries  and,  ii,  267 

cardiac  disease  and,  ii,  267 

early,  ii,  230 

following  concussion,  i,  419 
genuine,  operation  for,  ii,  732 
infectious  diseases  and,  ii,  267 
inheritance  of,  i,  40 
Jacksonian,  operation  for,  ii,  731 
late,  ii,  230 

mental  tests  and,  i,  210 

myoclonus,  ii,  219 

organic,  ii,  229 

symptomatic,  ii,  230 

syphiUtic,  ii,  265 

traumatic,  operation  for,  ii,  732 
Epileptic  insane,  i,  836 
Epileptics,  limitation  of  marriage  of, 
271 

segregation  of,  ii,  271 

social  dangers  from,  i,  214 

sterilization  of,  ii,  271 
Epithelioma  of  dura,  ii,  719 
Erb's  type  of  myopathy,  ii,  126 
Erogenous  zones,  i,  105 
Erosion  of  bone,  ii,  719 
Erotic  fetichism,  i,  130 

kleptomania,  i,  131 
Erotomanic  cyclothymics,  i,  576 
Erythromelalgia,  i,  515 
Eugenics  defined,  i,  17 
Eupraxic  centre,  ii,  477,  478 
Exanthems,  treatment  of  psychoses  of, 
526 

Excision  of  cortex,  effects  of,  ii,  751 

of  sensory  areas,  ii,  752 
Excitement,  constitutional,  i,  218 

in  manic-depressives,  i,  557 
Exhaustion,  terminal,  i,  522 
Exhibitionism,  i,  130 
Exogenous  conditions,  inheritance,  i,  4 
Exopthalmic  goitre,  i,  37,  469 
Exostoses,  internal,  ii,  719 
Expression,  disorders  of,  varieties  of, 
475 

External  cutaneous  nerve,  ii,  96 
popliteal,  injury  to,  ii,  67 

ExtracerebcUar  tumors,  ii,  647 

Extracerebral  pains,  ii,  140 

Extradural  tumors,  ii,  596 

Eye  headaches,  ii,  150 
reflexes,  ii,  318 


P 

Facial  nerve,  ii,  86 
paralysis,  ii,  530 
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Facial  spasm,  ii,  541 

Facioscapular    humeral    type  of  myo- 
pathy, ii,  12G 
Fallojjian  tubes,  ligature  of,  i,  IIG 
Falsifieation  of  ni(>niory,  i,  78 
Faradic;  current,  use  of,  in  muscular  atro- 
phies and  dystrophies,  ii,  106 
Fatigue,  mental,  i,  S-i 

neui'osis,  primary,  i,  342 
Feeble-minded,  brain  in,  i,  155 
Feeble-mindedness  in  army,  i,  759,  7G0 

arrest  of  development  in,  i,  151 

Binet-Simon  tests  for,  i,  157 

causes  of,  i,  150 

De  Sanctis'  tests  for,  i,  155 

heredity  in,  i,  150 

inheritance  and,  i,  42 

insanity  and,  i,  149 

sex  instinct  and,  i,  190 

syphilis  and,  ii,  420 

tests  for,  i,  155 
Feelings  and  emotions,  complex,  i,  S8 

importance  of  simple,  i,  92 

place  of,  in  education,  i,  94 
Fertility,  genetic,  i,  32 
Fetichism,  erotic,  i,  130 
Fiduciary,  accountings  of,  i,  725 

appointment  of,  i,  723 

compensation  of,  i,  726 

duties  of,  i,  724 

obUgations  of,  i,  724 

power  of,  extent  of,  i,  726 
Fifth  nerve,  anatomy  of,  ii,  19 
Filial  regression,  Galton's  law  of,  i,  32 
Forebrain,  connection  of,  with  cerebel- 
lum, ii,  623 
Foreign  born,  insanity  in,  i,  269 
Fracture  of  base,  ii,  734 

of  vault,  ii,  733 
Fractures  and  dislocations,  ii,  76 
Free  association  method,  i,  395 

ideas,  i,  68,  70 
French  disease,  ii,  306 

revolution,  i,  93 
Freud  on  delusion  formation,  i,  618 
Friedmann's  complex,  i,  418 
Friedreich's  disease,  ii,  641 

inheritance  of,  i,  34 
Frigidity,  sexual,  treatment  of,  i,  120 
Frohlich's  syndrome,  i,  498 
Fugues,  amnesic,  i,  224 
Functional  compensation  in  aphasia,  ii, 
486,  487 

restitution  in  aphasia,  ii,  486 
Fungus  cerebri,  ii,  749 


G 

Galton's  law  of  ancestral  inheritance,  i, 
25 

Galvanic  cun-ent,  use  of,  in  muscular 
atrophies  and  dystrophies,  ii,  106 

Galvano-faradization,  use  of,  in  muscular 
atrophies  and  dystrophies,  ii,  106 

Gametes,  i,  27 


\  Gametic  purity,  i,  27 
Gangrene,  synunetrical,  i,  511 
Gass(!rian  opcsration,  ii,  23 
Gastro-intestinal  h(;adaclK!.s,  ii,  161 
GeLseminine  I'jdrochlorate  and  cerebral 

hemorrhage,  ii,  443 
German  immigrants,  insanity  in,  i,  249 

immigration,  i,  245 
Germinal  selection,  i,  49 
Germ  plasm,  continuity  of,  i,  24 
Giddiness,  ii,  635 
Gigantism,  i,  493 
Girls,  delinquent,  i,  59 
Gliomatosis,  spinal,  ii,  586 
Globulin,  ii,  315 
Granulomata,  ii,  775 
Graves'  disease,  i,  469 
Greek  psychiatry,  i,  529 
Gummata,  cranial  bone,  ii,  321 
Guthrie,  experiments  of,  i,  49 
Gymnastics,  use  of,  in  muscular  atrophies 

and  dystrophies,  ii,  108 


H 

Habeas  corpus,  i,  747 
Habit  formation,  i,  65 

law  of,  criminalism  and,  i,  199 
Habits,  enfeebling,  mental  dulness  and, 
i,  209 

Hallucinosis,  acute  alcoholic,  i,  316 
Headache,  ii,  708 

myalgic,  ii,  147 

syphilitic,  ii,  162 

in  tuberculous  meningitis,  ii,  155 
Headaches,  ii,  139 

bone  and  periosteal,  ii,  152 

diabetic,  ii,  160 

ear  disease,  ii,  152 

eye,  ii,  150 

gastro-intestinal,  ii,  161 

hysterical,  ii,  165 

intracerebral,  ii,  156 

intracranial,  ii,  152 

leulvemic,  ii,  160 

manic-depressive,  ii,  165 

meningeal,  ii,  153 

nasal  and  frontal  sinus,  ii,  151 

nephritic,  ii,  160 

neurasthenia,  ii,  164 

psychogenic  and  psychotic,  ii,  163 

symptomatic,  of  toxemiius,  ii,  159 
Health  board  and  disease,  i,  853 

bureau,  central,  i,  854 
Hearing,  disturbances  of,  ii,  543 
Heat  and  cold,  ii,  70 

stroke  in  army,  i,  779 
Hebrews,  intermarriage  and,  i,  267 
HematomyeHa,  ii,  774 
Hemiataxia,  ii,  610 
Hemiopic  pupillary  inaction,  ii,  525 
Hemorrhage  in  intracranial  operations, 

747  . 
Hemorrhages,  intracranial  as  causes  ot 
choked  disk,  ii,  714 
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Henoch's  electric  chorea,  ii,  217 
Hereditary  or  congenital  syphilis,  ii,  415 
Heredity,  i,  S12 

concept  of,  i,  18 
Herxheimer  reaction,  ii,  336,  427 
Heterozygotes,  i,  27 
Heterozygous,  i,  30 

Hoffnian-Werding  type  of  muscular  atro- 
phy, ii,  133 
Homosexual  feelings,  i,  105 
Homosexuality  in  childhood,  i,  132 
Homozygotes,  i,  27 
Homozygous,  i,  30 
Hormone  of  growth,  i,  498 
Hospital,  administration  of,  internal,  i, 
825 

distribution  of  patients  in,  i,  833 
function  of,  i,  813 
general,  i,  817 
for  insane,  i,  817 

criminals,  objections  to,  i,  673 
management  of,  i,  823 
medical  staff  of,  i,  824 

and  sm-gical  cases  in,  i,  834 
in  nervous  and  mental  disorders,  i, 
811 

organization  and  management  of,  i, 
821 

as  place  for  research,  i,  844 

research  work  in,  i,  822 

special,  i,  818 

State,  i,  818 

statistics,  i,  821 

supervision  of,  i,  823 

training  schools  in,  i,  824 

treatment,  i,  830 
Humanitarian  instinct,  i,  59 
Humorous  incongruity,  i,  93 
Hydrocephalus,  ii,  158 

intemus,  as  cause  of  choked  disk,  ii, 
715 

syphilitic,  ii,  419 
Hydrotherapeutic  outfit,  i,  831 
Hydrotherapy,  i,  830 

use  of,  in  muscular  atrophies  and 
dystrophies,  ii,  106 
Hyperpincalism,  ii,  746 
Hyperpituitarism,  i,  492 
Hyperthymia,  i,  529 
Hyperthyroid  temperament,  i,  473 
Hyperthyroidism,  i,  469 
Hypnoidal  state,  i,  368 
Hypnoidization,  i,  368,  379 
Hypnosis,  method  of,  i,  366 
Hypnotism,  i,  365 

Hypophysis     cerebri,   operations  on,  ii, 
735 

diseases  of,  i,  492 

tumors  of,  ii,  741 
Hypopincalism,  ii,  746 
Hypopituitarism,  i,  492 
Hypothyroidism,  i,  481 
Hypotonia,  cerebellar,  ii,  633 
Hysteria,  i,  349 

diagnosis  from  meningitis,  ii,  275 

malingering  and,  i,  359 


Hysterical  affections,  ii,  71 
headaches,  ii,  165 
neurosis,  i,  424 


I 

Ideals,  educational,  i,  57 

Ideational  and  sensorial  attention,  i,  84 

Idiopathic  epilepsy,  ii,  230 

Idiot,  defined,  i,  149,  203 

Illiteracy  among  immigrants,  i,  256 

Image,  mental,  i,  75 

Imagination  in  behavior,  i,  73 

constructive,  i,  76 

in' defectives  and- normals,  i,  176 

kinesthetic,  i,  74 

reality  of,  i,  74 

reproductive,  in  defectives,  i,  176 

types  of,  i,  74 

visual,  i,  74 
Imagery,  symbolic,  i,  75 
Imbecile,  definition  of,  i,  149,  203 

moral,  i,  192 
Imbecihty,  moral,  i,  232 
Imitation,  conscious,  i,  69 

instinct  of,  i,  63 

self-directed,  i,  68 
Immigrant  races,  mental  defectiveness 

in,  i,  274 
Immigrants,  distribution  of,  i,  283 

illiteracy  among,  i,  256 

insanity  and,  i,  248,  249 

migrants  and,  i,  254 

protection  of,  in  U.  S.,  i,  282 

selection  of,  i,  277 

syphilis  among,  i,  255 
Immigration,  African,  i,  247 

colonization  and,  i,  242 

crossing  of  stock  and,  i,  242 

effects  of,  prior  to  1870,  i,  247 

an  experiment  in  eugenics,  i,  241 

from  1780  to  1870,  i,  243 

from  1870  to  present,  i,  250 

German,  i,  245 

Irish,  i,  246 

law  and  mental  disease,  i,  278 
need  of  study  of,  i,  283 
new  composition  of,  i,  251 
old  and  new,  i,  251 
personal  ideals  and,  i,  242 
prevention  of  mental  disease  and,  i, 
276 

restriction,  i,  277 
Impotence,  i,  117 
Impotentia  cocundi,  i,  117 
Impression,  vividness  of,  i,  80 
Impulsive  insanity,  i,  236 
Incubation,  i,  67 
Indurations,  ii,  148 
Inebriates,  good  resolutions  of,  i,  294 
Infection,  avoidance  of,  in  intracranial 

operations,  ii,  747 
Infectious  diseases,  diagnosis  from  menin- 
gitis, ii,  277 
epilepsy  and,  ii,  267 
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Inferiority,  constitutional,  i,  233,  846 
Intlanuuations,  treatment  of,  as  causes  of 

aphasia,  ii,  488 
Infiuonsca  neuritis,  ii,  39 
Infra(^lavicular  injuries,  ii,  90 
Inheritance,  i,  48 
Inherited  tlefect,  degree  of,  i,  152 

modes  of  behavior,  i,  GO 
Injuries,  pressure,  ii,  54 

to  the  peripheral  nerves,  ii,  54 

traction,  ii,  54 
Injuiy  in  continuitj'^,  ii,  54 

musculospiral,  ii,  66 
Insane,  capacity  of,  to  bring  legal  action, 
i,  741 

to  convey  real  estate,  i,  741 
civil  liability  of,  i,  744 
committed,  records  of,  i,  853 
criminals,  groups  of,  i,  664 
discharge  of,  charged  with  crime,  i, 
745 

English  practice  regarding,  i,  711 
epileptic,  i,  836 

exemption  of,  from  Uabilities,  i,  742 
hospitals  for,  i,  817 
law,  changes  of,  regarding,  i,  710 
legal  capacity  of,  i,  727 
testamentary  capacity  of,  i,  727 
Insanity,  adjudication  of,  i,  718 
after  offence,  i,  744 
conceptions  of,  new,  i,  842 
contracts  and,  i,  734 
crime  and,  i,  742 
criminology  and,  i,  846 
as  defence  for  crime,  i,  743 
feeble-mindedness  and,  i,  149 
in  foreign  born,  i,  269 
in  German  immigrants,  i,  249 
impulsive,  i,  236 
intoxication  and,  i,  744 
in  Irish  immigrants,  i,  249 
legal  forms  of,  i,  711 
moral,  i,  232 

prima  facie  case  of,  i,  718 
results  of  treatment  of,  i,  843 
Instinct  of  acquisitiveness  and  construc- 
tiveness,  i,  62 
humanitarian,  i,  59 
of  imitation,  i,  63 
modification  of,  i,  64 
play,  i,  62 

reflex  activity  and,  i,  61 
utiUzation  of,  i,  62 
Instincts,  adaptive,  i,  68,  69 
complex  reflexes,  i,  61 
fundamental,  i,  62 
Institutional  treatment  of  symptomatic 

psychoses,  i,  526 
Intermarriage,   conditions  affecting,  i, 
262 

Hebrews  and,  i,  267 
Intermittent  claudication,  ii,  435 
Internal  secretions,  diseases  of,  i,  469 
Intestinal   conditions,   acute,  diagnosis 

from  meningitis,  ii,  276 
Intoxication,  insanity  and,  i,  744 


Intoxications  as  causes  of  optic  neuritis 
ii,  716 

Intracerebral  headaches,  ii,  156 
Intracranial  headaches,  ii,  152 

operations,  dangers  and  complica- 
tions of,  ii,  747 

pressure  in  epilepsy,  ii,  254 
incrciused,  ii,  707 
Intradural  tumors,  ii,  597 
Intramedullary  tumors,  ii,  598 
Intraspinal  therapy  in  cerebral  syphilis 
ii,  337  ^'  , 

Introjection,  i,  374 
Inversion,  retarded,  i,  134 

sexual,  congenital,  i,  133 
Invert's  best  ideal,  i,  139 
Irish  immigrants,  insanity  in,  i,  249 

immigration,  i,  245 
Ischias,  ii,  30 

J 

James-Lange  theory,  i,  88 

Jealousy,  i,  93 

Jumpers,  the,  ii,  178 

Juvenile  delinquency,  i,  202 
paresis,  ii,  354,  359 
types  of  myopathy,  ii,  126 


K 

KoRSAKOw's  psychosis,  i,  324 
Kleptomania,  erotic,  i,  131 
"Knight's  move,"  transmission,  i,  36 
KraepeUn  on  manic-depressive,  i,  535 
Krankheitsgewinn,  i,  359 
Krause's  fixation  method  for  removal  of 
cerebral  tumors,  ii,  730 


L 

Labor  migi-ations,  i,  253 

Laboratory  studies,  i,  851 

Lamarckian  hypothesis,  i,  48 

Laminectomy,  complications  and  after- 
treatment  of,  ii,  769 
incision  in,  ii,  765 
indications  for,  ii,  770 
leakage  of  cerebrospinal  fluid  after, 

ii,  769 
narcosis  for,  ii,  765 
operative  technique,  ii,  766 
position  of  patient  for,  ii,  764 
postoperative  treatment  of,  ii,  768 
preparation  of  patient  for,  ii,  764 

Landouzy-Dejerine  type  of  myopathy,  ii, 
126 

Landry's  paralysis,  ii,  577 
Language  in  defectives,  i,  176 

foreign,  i,  79 
Latah,  ii,  178 
Latent  characters,  i,  33 
Law  suits,  influence  of,  in  traumatic  neu- 
rosis, i,  445 
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Lead,  ii,  674 

encephalopathy,  treatment  of,  ii,  678 
neuritis,  ii,  43  ' 
poisoning,  chnical  forms  of,  ii,  675 

Learning  curve,  i,  67 

Leduc's  ("urrent,  use  of,  in  musculai"  atro- 
phies and  dystrophies,  ii,  106 

Left-handedness,  ii,  481 

Leukemic  headaches,  ii,  160 

Leyden's  type  of  myopathy,  ii,  126 

Liars,  pathological,  i,  228 

Lightning  stroke  as  cause  of  optic  neu- 
ritis, ii,  717 

Lisping,  ii,  510 

Litigious  manic  depressives,  i,  575 
Localization  of  intracranial  affections,  ii, 
719 

Logical  thinking,  i,  85 

Love,  art  of,  i,  121 

Lumbar  plexus,  neuralgia  of,  ii,  29 

puncture,  ii,  380,  723,  759 
Lunatic,  a  ward  of  the  court,  i,  710 
Lunatics,  power  of  courts  over,  i,  711 
Lymphocytes   in   paretic  cerebrospinal 

fluid,  ii,  312 
Lymphocytosis  in  cerebrospinal  menin- 
gitis, ii,  315 

in  herpes  zoster,  ii,  315 

in  multiple  sclerosis,  ii,  315 

in  poUomyelitis,  ii,  315 
.in  sleeping  sickness,  ii,  315 

in  syphilis,  ii,  315 

in  tuberculous  meningitis,  ii,  315 


M 

Malabia,  treatment  of  psychosis  of,  i,  526 
Malingering,  i,  666 

hysteria  and,  i,  359 
Manic-depressive  headaches,  ii,  165 
psychosis,  i,  457,  529 
in  army,  i,  782 
concept  of,  i,  535 
control  of,  i,  541 
family,  i,  542 
marriage  in,  i,  585 
stuporous  states,  i,  565 
types  of,  i,  534 
Manic  states,  i,  560 
Marriage,  advisabihty  of,  i,  114 
contract,  i,  737 
in  manic  depressive,  i,  585 
procreation  and,  i,  115 
psychoneuroses  and,  i,  410 
regulation  of,  in  muscular  atrophies 

and  dystrophies,  ii,  101 
of  those  in  same  house,  i,  264 
sexual  inversion  and,  i,  138 
Massage,  i,  831 

use  of,  in  muscular  atrophies  and 
dystrophies,  ii,  107 
Mastodynia,  ii,  29 
Masturbation,  i,  107,  209 
Mating,  i,  51 
Mattoid,  i,  232 


Maturation  divisions,  i,  22 
Mechanotherapy,   use  of,   in  muscular 

atrophies  and  dystrophies,  ii,  107 
Median  nerve,  injury  to,  ii,  67 
Medico-legal  problems  in  army,  i,  793 
Meiostigmin  reaction  of  Ascoli,  ii,  720 
Memorizing,  methods  of,  i,  80 
Memory,  i,  76 

in  defectives,  i,  175 
Mendelian  hypothesis,  objections  to,  i,  31 

modahties,  i,  28 

proportions,  i,  28 

theory  of  inheritance,  i,  26 
Mendel's  law,  i,  848 
Meningeal  headaches,  ii,  153 

tumors,  ii,  597 
Meninges,  ii,  274 
Meningism,  ii,  286 
Meningitides,  ii,  274 

Meningitis,  as  cause  of  choked  disk,  ii,  715 

cerebrospinal.     See  Cerebrospinal 
meningitis,  ii. 

fibrosa  chronica,  ii,  774 

serous  and  meningism,  ii,  288 

syphilitic,  ii,  154 

tuberculous,  ii,  297 
Meningomyelitis,  symptoms  of,  ii,  409 

syphilitic,  ii,  408 
Menopause,  i,  125 
Mental  defect,  i,  203 

defectiveness  in  immigrant  races,  i, 
274,  275 

disease,  enlisting  in  army  and,  i,  804 
in  immigrants,  i,  248,  249 
immigration  law  and,  i,  278 
materialistic  theory  of,  i,  662 
military  offences  and,  i,  797 
psychic  causes  of,  i,  662 
simulation  of,  i,  790 
statistics  of,  i,  814 
types  of,  in  new  immigration,  i, 

273,  274 
war  and,  i,  800 

disorders,  inheritance  of,  i,  43 

disturbances,  alcoholic,  i,  308 

dulness,  i,  456 

from  bad  habits,  i,  209 
from  physical  causes,  i,  207 

fatigue,  i,  84 

functioning,  minor  failures  of,  i,  396 

life,  biologic  point  of  view  of,  i,  662 

prophylaxis  and  immigration,  i,  276 

tests  of  dehnquents,  i,  198 

therapeutics,  clinical  value  of,  i,  402 
Mentally  dull  types,  i,  206 
Mercury,  ii,  679 

by  the  mouth,  ii,  340 
Meta-intoxication,  i,  520 
Metallic  substances,  ii,  672 
Metatoxins,  i,  519 
Methyl  alcohol  poisoning,  i,  306 
Micromclia,  i,  489 
Midbrain,  diseases  of,  ii,  615 
Migraine,  ophthalmic,  ii,  160 
Milit  ary  causes  of  dementia  pra^cox,  i,  766 

life,  paresis  in,  i,  768 
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Militnry  offences,  alcoholism  ami,  i,  773 

psychiatry,  i,  75G 
Milroy's  disease,  i,  37 
IMiiul  (Usintegnited  by  disea.se,  i,  G63 
Mixture  of  races  defined,  i,  245 
Modalities,  Mendelian,  i,  28 
Mononeuritis,  ii,  47 
Moods,  i,  89 
Moral  grandeur,  i,  93 
imbeciles,  i,  192 
imbeciUty,  i,  232 
insanity,  i,  232 
prophylaxis,  i,  51 
Morel's  doctrine  of  degeneracy,  i,  G17 
Moron  defined,  i,  149,  203 
Morphine,  crime  and,  i,  221 

poisoning,  treatment  of,  ii,  689 
withdrawal  of,  ii,  689 
Motor  neurones,  ii,  555 
Mouth,  mercury  by,  ii,  340 
Multiple  sclerosis,  ii,  661 

inheritance  in,  i,  38 
Muscle  neuroses,  ii,  144 
Muscular  atrophies,  ii,  111 

after  accident,  ii,  119 
arthrogenous,  ii,  117 
cerebral,  ii,  121 
inheritance  in,  i,  36 
progressive,  ii,  128 

hereditary  forms  of,  i,  37 
of  infants  and  children,  ii, 
133 

dystrophies,  ii,  99 

inheritance  in,  i,  36 
progressive  hereditary  forms  of, 
i,  37 

hypertrophy  from  activity,  ii,  114 
Musculospu-al  nerve,  ii,  96 
Myalgic  headache,  ii,  147 
Myasthenia  gi'avis,  ii,  220 
Myelitis,  ii,  580 
Myoclonias,  the,  ii,  218 
Myopathy,  primary,  ii,  125 
Myositis  ossificans,  ii,  122,  123 
Myotonia  acquisita,  ii,  214 

atrophica,  ii,  138 

congenita,  ii,  136 

hereditary  forms  of,  i,  37 
Myriachit,  ii,  178 
Myxedema,  i,  481 


N 

Narcotics,  delinquency  and,  i,  212 
Nasal  and  frontal  sinus  headaches,  ii, 
151 

Natural  selection,  i,  49 

Navy,  mental  disease  in,  i,  754 

nervous  disease  in,  i,  754 
"Ne'er-do-wells,"  i,  97 
Neo-Darwinians,  i,  48,  52 
Neo-Lamarckians,  i,  52 
Neosalvarsan,  chemistry  of,  ii,  430 

salvarsan  and,  ii,  334 
Nephritic  headaches,  ii,  160 


Nerve,  abducens,  anatomical  relations 
ii,  526  ' 
auditory,  ii,  542 

blocking  in  treatment  of  spasms,  ii, 
186  ' 
bridging,  ii,  79 

cochlear,  anatomical  relations  of  ii 
542 

facial,  anatomical  relations  of.  ii,  530 
glossopharyngeal,  ii,  545 
hypoglossal,  ii,  552 
injuries  comphcating  fractures  and 

dislocations,  ii,  76 
ocular  motor,  anatomical  relations 

ii,  526 

olfactory,  anatomy  of,  ii,  520 

disorders  of,  treatment  of,  ii,  521 
lesions  of,  ii,  520 

optic,  anatomy  of,  ii,  521 

diseases  of,  ii,  521,  522,  523,  524 

spinal  accessory,  ii,  551 

trigeminal,  alcohol  injection  of,  ii. 
534 

anatomical  relations,  ii,  529,  530 
extirpation  of  ganglion  of,  ii,  534 
lesions  of,  ii,  531 
neuralgia  of,  ii,  532 
trochlear,  anatomical  relations,  ii, 
526 

vagus,  action  on  gastric  secretion,  ii, 
550 

on  kidney,  ii,  550 
on  pancreas,  ii,  550 
on  stomach,  ii,  549 
anatomical  relations  of,  ii,  546, 
547 

functions  and  disorders  of,  ii, 
548 

vestibular,  anatomical  relations  of,  ii, 
542 

disturbances  of,  ii,  545 
Nerves,  complete  division  of,  ii,  55 
cranial,  ii,  520 
incomplete  division  of,  ii,  55 
operation  upon,  ii,  73 
Nervous  disorders  due  to  sexual  diffi- 
culties, i,  127 
syphihs,  general  management  of,  ii, 
342 

Neuralgia,  of  brachial  plexus,  ii,  26 

of  breast,  ii,  29 

cervicooccipital,  ii,  25 

of  fifth  nerve,  ii,  19 

intercostal,  ii,  28 

of  lumbar  plexus,  ii,  29 

Quintus,  ii,  19 

of  sciatic  nerve,  ii,  30 

of  testicles,  ii,  29 

of  vagus,  ii,  25 
Neuralgias,  ii,  141 
Neurasthenia,  i,  341 

in  army  life,  i,  788 

prevention  of,  i,  816 

syphilitic  forms  of,  ii,  406 
Neurasthenic  states,  Paris  discussion  of, 
i,  429 
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Neuritides,  ii,  31  • 
Neuritis,  acute  retrobulbai',  ii,  524 

alcoholic,  ii,  41 

arsenical,  ii,  45 

arteriosclerotic,  ii,  46 

central,  i,  848 

chronic  retrobulbar,  ii,  523 

of  cochlear  nerve,  ii,  51 

diabetic,  ii,  40 

of  eighth  nerve,  ii,  51 

of  eleventh  nerve,  ii,  52 

of  fifth  nerve,  ii,  48 

infectious,  ii,  33 

influenza,  ii,  39 

lead,  ii,  43 

multiple,  ii.   See  Polyneuritis. 

occupation,  ii,  32 

optic,  post -operative,  ii,  716 

pneumonic,  ii,  40 

pressui'e,  ii,  32 

radicular,  ii,  53 

of  seventh  nerve,  ii,  49 

of  sixth  nerve,  ii,  48 

of  thuxl  nerve,  ii,  47 

tubercular,  ii,  40 

of  twelfth  nerve,  ii,  52 

t3TDhoid,  ii,  39 
Neuromas,  "stump,"  ii,  85 
Neuromuscular  coordination,  importance 

of,  i,  180 
Neuropathic  constitution,  i,  43 
Neurorecidives,  ii,  337 
Neuroses,  actual,  i,  341 

classification  of,  i,  338 

hysterical,  i,  424 

muscle,  ii,  144 

neurasthenic,  i,  424 

occupation,  i,  459 

traumatic,  i,  417,  418 
Nitrites,  use  of,  in  cerebral  hemorrhage, 
ii,  445 

Nitroglycerin,  use  of,  in  cerebral  hemor- 
rhage, ii,  445 
Nodding  spasms  of  children,  ii,  188 
Nogiichi  test  of  cerebrospinal  fluid,  ii,  761 
Nulliplex  heredity,  i,  26 
Nurses,  training  schools  for,  i,  824 
Nystagmus,  ii,  529,  719 
cerebellar,  ii,  633 


O 

Obsessional  neurosis,  i,  408 
Occipital  neuralgias,  ii,  142 
Occupation,  change  of,  i,  194 

chuss  as  unit  for  study,  i,  241 

dy.skinesiaj,  i,  467 

forms  of,  i,  608 

schedule  of  classes  for,  i,  838 

a  therapeut  ic  measure,  i,  007 

therapies,  i,  441 
Ocular  errors  in  epilepsy,  ii,  247 

paralyses,  ii,  527,  528 
Offences,  civil  and  military,  i,  793 
Onanism,  neurasthenia  and,  i,  343 


Ophthalmic  migi'ainc,  ii,  166 
Ophthalmology  in  hospitals  for  insane,  i, 
841 

Ophthalmoplegia  in  midbrain,  ii,  619 
Optic  atrophy,  ii,  524,  525 

neuritis,  ii,  523,  708 

thalamus,  ii,  608 
Orbital  disease  as  cause  of  optic  nem'itis, 

ii,  717 
Orchidynia,  ii,  29 
Organic  conditions,  i,  847 

epilepsies,  ii,  229 
Orientation  in  space,  ii,  626 
Out-patient  treatment,  i,  817 
Overdetermination,  i,  388 


P 

Pachymeningitis  cervicalis  hypertroph- 

ica,  ii,  774 
Pain,  i,  88;  ii,  70 
Pains  about  the  head,  ii,  140 

of  central  origin,  ii,  611 

spontaneous,  ii,  614 
Pallidum  treponema,  ii,  343 
Palsies,  conjugate,  ii,  619 

pseudobulbar,  ii,  619 
Papilledema,  ii,  710 
Papillitis,  ii,  523,  710 
Para-  or  metasyphilis,  ii,  342 
Paralyses,  ocular,  ii,  527 
Paralysis  agitans,  ii,  651 

crossed,  ii,  616 

facial,  ii,  536 

Landry's,  ii,  577 

postanesthetic,  ii,  92 

superior,  ii,  616 
Paralytic  contractures,  ii,  109 
Paralyzed  limbs  in  cerebral  hemorrhage, 

exercises  for  reeducation  of,  ii,  454 
Paramyoclonus  multiplex,  ii,  218 
Paramyotonia  congenita,  ii,  214 
Paranoia,  i,  457 

cases,  Bjerre,  i,  634 
Freud,  i,  633 

concepts,  i,  615,  617 

Freud's  view  of,  i,  618 

homosexuality  and,  i,  641 

psychoanalysis  of,  i,  635 

psychology  of,  i,  623 

recovery  in,  i,  645,  647,  653 
Paranoic  states,  i,  615 
Paranoid  states,  i,  615,  659 

types,  i,  623 

of  dementia  pra?cox  simulating 
syphiUtic  psychoses,  ii,  407 
Paraplegia,  senile,  i,  705 
Parenchymatous  degeneration  of  cerebel- 
lum, ii,  640 
Paresis,  agitated  forms  of,  ii,  353 

as  a  syphilitic  disease,  treatment  of, 
ii,  360 

astasia  and,  ii,  634 

dementing  form  of,  ii,  349 

depressed  forms  of,  ii,  349 
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Paresis,  expansive  types  of,  ii,  351 
general,  ii,  3-12 
irregular  types  of,  ii,  353 
juvenile,  ii,  354,  359 
in  military  life,  i,  768 
relation  of  onset  of,  to  accident,  i,  457 
salvarsan  theory  of,  summary  of,  ii, 
363 

Paretic  brains,  ii,  343 

seizures,  ii,  358 
Parkinson's  disease,  ii,  651 
Parole,  i,  834 

Passive  attention,  i,  83,  84 

movement  and  position,  ii,  70 
Pathological  drunkenness,  amnesia  in,  i, 
329 

liars,  i,  228 
Pauperism,  inheritance,  i,  47 
Penal  treatment,  i,  200 
Perception  and  sensation,  i,  71 
Peripheral  irritation  in  epilepsy,  ii,  255 

nerves,  injuries  to,  ii,  54 
Persuasion,  i,  370 
Perversions,  scatologic,  i,  129 

sex,  i,  211 

sexual,  in  childhood,  i,  128 
Phantasy,  i,  385 
Phosphorus,  ii,  681 

Physical  causes  of  mental  dulness,  i,  207 
Pineal  body,  tumors  of,  ii,  620 

disease,  adiposis  and,  ii,  620 

gland,  tumors  of,  ii,  745 

syndrome,  ii,  620 
Pithiatism,  i,  370 
Pituitary  body,  i,  492 
Plasma  cells,  ii,  312 
Play,  instinct,  i,  62,  193 
Pleocytosis,  ii,  314 

Pneumonia,  diagnosis  from  meningitis, 
ii,  276 

psychoses  of,  i,  526 
Pneumonic  neuritis,  ii,  40 
Poisoning,  arsenic,  ii,  678 

carbon  bisulphide,  ii,  682 

cocaine,  ii,  687 

copper,  ii,  681 

cyanides,  ii,  683 

lead,  ii,  674 

manganese,  ii,  681 

mercury,  ii,  679 

methyl-alcohol,  i,  306 

opium,  ii,  687 

phosphorus,  ii,  681 
Poliomyelitis,  acute  anterior,  ii,  565 
meningitic  form  of,  ii,  294 

chronic  anterior,  ii,  133 
Polyneuritis,  diagnosis  of,  from  polio- 
myelitis, ii,  34 

diphtheria,  ii,  37 

Landry's  paralysis  and,  ii,  37 
Postanesthetic  paralysis,  ii,  92 
Posterior  roots,  resection  of,  ii,  776 
Postmortem  studies,  i,  849 
PrfECOX,  dementia,  ii,  166 
Pregnancy,  coitus  during,  i,  124 
Presenile  psychoses,  i,  675 


Pressure  on  cord,  ii,  775 
Principles  of  habit  formation,  i,  65 
Prison  life,  bad  effects  of,  i,  199 

psychiatric  annexes  to,  i,  671 

psychos::,,  i,  662 

removal  from,  i,  671 
Procreation,  marriage  and,  i,  115 
Prolapsus  cerebri,  ii,  724,  749 
Prophylaxis  of  mental  diseases,  immieri- 

tion  and,  i,  276 
"Propositionize"  inabiUty  to,  in  motor 

aphasia,  ii,  497 
Proprioceptive  system,  ii,  626 
Prostitution,  inheritance  in,  i,  47 
Protection  of  workingmen,  i,  438 
Protopathic  sensibihty  defined,  ii,  554 
Pseudobulbar  paralysis,  ii,  499 
Pseudohypertrophic  muscular  paralysis, 
hereditary  forms  of,  i,  37 

type  of  myopathy,  ii,  126 
Pseudoisochromatic  tables,  ii,  718 
Pseudoparesis,  ii,  406 

alcohoHc,  i,  328 
Pseudostuttering,  ii,  511 
Pseudotumor  cerebri,  ii,  647 
Psychasthenia,  conception  of,  i,  330 
Psychiatric  annexes  to  prisons,  i,  671 

pedagogy,  i,  569 
Psychiatrj'^  in  Greece,  i,  529 

psychology  and,  i,  844 
Psychoanalysis,  i,  383,  393,  452 

alcoholism  and,  i,  413 

criminality  and,  i,  414 

deinentia  prsecox  and,  i,  412 

drug  habits  and,  i,  414 

epilepsy  and,  i,  413 

homosexuality  and,  i,  414 

manic-depressive  psychosis  and,  i, 
413 

miscellaneous  anomalies  and,  i,  415 
of  paranoia,  i,  635 
sexual  perversion  and,  i,  414 
time  element  in,  i,  405 
Psychoanalytic  treatment,  criticism  of, 
i,  398 

of  dementia  pra3cox,  i,  598 
Psychocardiac  reflex,  i,  397 
Psychodynamic  principle,  i,  629 
Psychogalvanic  reflex,  i,  397 
Psychogenic  and  psychotic  headaches, 
U,  163 

Psychological  principles  in  education  of 
idiots,  i,  144 
value  of  patients,  i,  356 
Psychology,  psychiatry  and,  i,  844 
Psychoneuroses,  i,  339,  349 
Psychopathic  clinic,  Henry  Phipps,  i,  820 

wards,  i,  818 
Psychopathology,  social  problems  and,  i, 
335 

Psychoses,  alcoholic,  i,  308 

in  army,  kinds  of,  i,  757 

degenerative,  i,  668 

of  exanthems,  treatment  of,  I  526 

in  immigrant  races,  i,  270,  274 
Psychosexual  cases  not  hopeless,  i,  102 
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Psj'chosexual  factors,  i,  392 
Psychosis,  Korsakow's,  i,324 
major,  i,  210 

of  malaria,  treatment  of,  i,  526 
minor,  i,  218 
of  pnemnonia,  i,  526 
post-traumatic,  delinquency  and,  i, 
231 

prison,  i,  662 

pubertal,  crime  and,  i,  222 
of  rheumatism,  treatment  of,  i,  526 
symptomatic,  i,  518 
temporary,  delinquency  and,  i,  229 
treatment  by  Coelius  Aurelianus,  i, 
530 

traumatic,  i,  417,  455,  846 
of  typhoid,  treatment  of,  i,  524 
Psychosynthesis,  i,  379 
Psychosynthetic  treatment  of  dementia 

praicox,  i,  598 
Psj^chotic  and  psychogenic  headaches,  ii, 
163 

Pulmonary  edema,  ii,  250 
Pimctm-e  of  brain,  ii,  723,  753 

of  corpus  callosum,  ii,  722 

of  sella  turcica,  ii,  744 

of  ventricles,  ii,  757 
Punishment,  i,  91 

in  army,  i,  799 
Puzzle  box,  i,  68 


Q 

QiT.\DRiGEMiNAL  bodies,  symptoms  of, 

disease  of,  ii,  620 
Quincke's  edema,  i,  507 


R 

Rachitis,  i,  459 

Racial  elements,  new,  dissimilarity  of,  i, 
261 

rapid  introduction  of,  i,  261 
Radicular  neuritis,  ii,  53 
Rapport,  i,  366 
Rational  thought,  i,  85 
Rattlesnake  venom,  ii,  246 
Raynaud's  disease,  i,  511;  ii,  435 
Reaction,  i,  397 

Reactive  manifestations,  mental,  i,  664 
Reality  of  imagination,  i,  74 
Reassociation,  i,  377 
Recessiveness,  i,  43 
Recidivism,  i,  200,  674 
Red  nucleus,  ii,  618 
Reduction  divisions,  i,  23 
Reeducation,  i,  377 

in  traumatic  neurosis,  i,  444 
Reflex  activities,  i,  60,  61 

tenderness  on  scalp,  ii,  144 
Reflexes,  ii,  556 

as  complex  instincts,  i,  61 

eye,  ii,  318 
Religious  emotion,  i,  93 


Repression,  i,  384 

delinquency  and,  i,  236 
Reproduction,  sexual,  i,  21 
Resection  of  posterior  roots,  ii,  776 

of  spinal  nerve  roots,  ii,  771 
Resistances,  i,  357 

to  recovery,  reasons  for,  i,  360 
Respiration  centre,  pressure  on,  ii,  718 
Respiratory   failure,    treatment   of,  in 

intracranial  operations,  ii,  747 
Responsibility,  criminal,  i,  742 
Rest  periods,  i,  442 

in  traumatic  neurosis,  i,  448 
Retina,  vascular  diseases  of,  ii,  521 
Retinitis,  ii,  522 

Rheumatism,  treatment  of  psychoses  of, 
i,  526 

Right-handedness,  ii,  481 

Right  hemisphere,  function  of,  ii,  479 


S 

Sacro-iliac  synchondrosis,  ii,  31 
Salvarsan,  alkaUne  solutions,  intramus- 
cular injection  of,  ii,  425 
chemistry  of,  ii,  424 
disadvantages  and  advantages  of, 
ii,  335 

intravenous  injection  of,  ii,  426 

methods  of,  administration  of,  ii,  423 

neosalvarsan  and,  ii,  334 
in  tabes,  ii,  395 

in  paresis,  ii,  428,  430 

in  syphihs  of  nervous  system,  ii,  427 

in  tabes,  ii,  428,  429 

therapy,  dangers  of,  ii,  427 

general  principles  of,  ii,  427 
Sanataria,  private,  i.  820 
Scatologic  interests  of  children,  i,  105 

perversions,  i,  129 
School  instruction,  i,  74 
Sciatic  nerve,  neuralgia  of,  ii,  30 
Sciatica,  ii,  30 
Scleroderma,  i,  503 
Sclerosis,  amyotrophic  lateral,  ii,  135 
Secondary  passive  attention,  i,  84 
Segregation  of  epileptics,  ii,  271 
Seguin's  physiological  method,  i,  144 
Self-control  of  insane,  i,  203 
SeK-directed  imitation,  i,  68 
Sella  turcica,  enlargement  of,  ii,  719 

trepanation  and  puncture  of,  ii, 
744 

Sellar  decompression,  i,  501 

Senile  changes  of  spinal  cord,  i,  704 

deterioration  and  arteriosclerosis,  i, 
847 

mental  disorders,  i,  690 

paraplegia,  i,  705 

sexuality,  i,  125 
Senility,  delinquency  and,  i,  226 

inheritance  in,  i,  39 
Sensation,  ii,  70 

loss  of,  ii,  610 

perception  and,  i,  71 
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Sensibility,  deep,  defined,  ii,  55  I 
Sensorial  and  itlcational  attention,  i,  84 
Sensory  symptoms,  ii,  55 
Serological  or  biological  tests  of  blood  and 

cerebrospinal  fluid,  ii,  310 
Sex  chromosomes,  i,  24 

instinct,  i'eeble-mindedncss  and,  i, 
190 

limited  characters,  i,  24 
perversions,  i,  211 

in  childhood,  i,  128 
Sexual  abstinence,  i,  110 

anesthesia  in  women,  i,  119 
anomalies,  psychic,  lack  of  comjjre- 

hcnsion  of,  i,  100 
difficulties,  nervous  disorders  due  to, 
i,  127 

education,  psj^chonem'oses  and,  i,  411 
frigidity  in  women,  i,  119 
hygiene  of  childhood,  i,  106 
impulse  in  childhood,  i,  104 
moral  qualities  of,  i,  101 
nature  of,  i,  103 
social  qualities  of,  i,  101 
instruction  of  children,  i,  106 
inversion,  congenital,  i,  133 

marriage  and,  i,  138 
problems,  difficulties  of,  i,  101 
thoughts,  psychoanalysis  and,  i,  401 
SexuaUty,  infantile,  Freud's  view  of,  i, 
104 
senile,  i,  125 
Side-tracking,  i,  372 
Simplex  heredity,  i,  26 
Simulation  of  mental  disease,  i,  790 
of  single  symptom,  i,  435 
traumatic  neuroses  and,  i,  434 
Sinistrosis,  i,  437 
Skin,  "glossy,"  ii,  67 
Skull,  hypertrophy  of,  ii,  719 
Social  adaptation,  i,  56 

pathology  and  psychopathology,  i, 
335 

value  of  education,  i,  57 
Softening  of  brain,  ii,  748 
Soldiers,  stigmata  of  degeneration  and, 

i,  805 
Spasm,  ii,  176 

facial,  ii,  184,  541 
Spasmodic  disorders,  group  of,  ii,  176 
Spasms,  ii,  183 

cortical,  and  Jacksonian  epilepsy,  ii, 
184 

of  trunk  and  extremities,  ii,  193 
of  respiratory  muscles,  ii,  193 
Spastic  paraplegia,  hereditary  forms,  i, 
37 

Speech  mechanisms,  ii,  479 

tic,  ii,  510 

training  in,  i,  189 
Spinal  accessory  nerve,  ii,  88 

caries,  ii,  601 

connections  of  cerebellum,  ii,  622 
cord  arteriosclerosis,  i,  704 

localization    anatomical  diag- 
nosis of,  ii,  554 


Spinal  cord,  localization  charts  of  seg- 
mental, ii,  558,  559 
of  level  of  lesion  in,  ii,  563 
of  organic  diseases  of,  ii,  553 
pathological  diagnosis  of 
ii,  564  ' 
in  transverse  section  of  ii 
556 

in  vertical  direction  nf  \[ 
557 

relation  of  spinous  processes  to 

segments  of,  ii,  563,  564 
segmental  distribution,  ii,  560 

561,  562 
surgery  of,  ii,  759 
tumors  of,  ii,  594 
gliomatosis,  ii,  586 
puncture,  ii,  723,  759 
Spinocerebellar  arc,  ii,  623 
Spirocheta)  in  paresis,  ii,  429 
Stammering,  ii,  510 
not  a  tic,  ii,  179 
Status  epilepticus,  ii,  249 
Sterilization  of  epileptics,  ii,  271 
of  mental  defectives,  i,  190 
Stigmata  of  degeneration  in  soldiers,  i, 
805 

Stimulants,  delinquency  and,  i,  212 
Streptococcus  infections,  i,  525 
"Stump"  neuromas,  ii,  85 
Stupor  in  dementia  prsecox,  treatment  of, 
i,  612 

Stuporous  states,  i,  565 
Stuttering,  ii,  505 

Subcutaneous  injuries,  treatment  of,  ii, 
75 

Subnormal,  child,  i,  59 
definition  of,  i,  203 
Suckling,  i,  105 

Suggestibility,  abnormal,  in  traumatic 

neuroses,  i,  421 
Suggestion,  i,  365 
affective,  i,  374 
in  sleeping  state,  i,  370 
treatment,  criticisms  of,  i,  372 

of  traumatic  neurosis,  i,  451 
in  waking  state,  i,  369 
Suicide,  i,  581 

in  army  life,  i,  782,  788,  789 
in  manic-depressives,  i,  539 
Suture,  recovery  after  primary,  ii,  73 

secondary,  ii,  76 
Symbolisms,  i,  390 
Symmetrical  gangrene,  i,  511 
Sympathetic  cervical,  lesions  of,  ii,  527 
Symptomatic  epilepsies,  ii,  230 

psychoses,  anaphylaxis  and,  i,  519 
Bonhoeffer's  conception  of,  1, 
523 

Synchondrosis,  sacro-iliac,  ii,  31 
Syndromes  of  Massalongo,  i,  37 
Syphilis,  i,  812 

brain,  as  cause  of  choked  disk,  n,  / 1» 

cerebral,  i,  848 

congenital  or  hereditary,  ii,  415 
of  cranial  bones,  ii,  321 
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Sy  philis,  oiuloinic,  of  nervous  system,  ii, 
300 

fceble-mindediiess  antl,  ii,  420 

lunong  iminigriints,  i,  255 

of  nervous  system,  ii,  304 
Syphilitic,  delirious,  confusion,  ii,  400 

disciuses  of  nervous  system,  ii,  304 

epilepsies,  ii,  205 

forms  of  neurasthenia,  ii,  400 

heatlache,  ii,  102 

Imlrocephalus,  ii,  419 

meningeal  symptoms,  ii,  409 

meningitis,  ii,  154 

of  the  base,  u,  322 

of  the  convexity,  ii,  323 

raeningomyelitis,  ii,  408 

myehtic  syndromes,  ii,  410 

psychoses,  ii,  400 

root  symptoms,  ii,  410 

spastic  system  syndrome,  ii,  410 

spinal  syndromes,  treatment  of,  ii, 
411 

Syphiloma,  ii,  729 
Syi'ingomyelia,  ii,  586 


T 

Tabes,  ii,  369 

mechanotherapy  and,  ii,  384 
Tabetic  pains  and  crises,  treatment  of, 
ii,  373 

psychoses,  ii,  408 
Taboparesis,  ii,  353 
Teasing,  i,  64 
Teeth,  care  of,  i,  841 
"Teething  convulsion,"  ii,  226 
Tegmentum,  lesions  of,  ii,  016 

softening  of,  ii,  617 
Temperament,  i,  89 

Tenotomy  in  treatment  of  ocular  par- 
alyses, ii,  529 
Terminal  exhaustion,  i,  522 
Testamentary  capacity,  i,  727 
Testicles,  neuralgia  of,  ii,  29 
Tests  for  memory,  i,  78 
Tetany,  ii,  194 

of  acute  infectious  diseases,  ii,  195 
Thalamic  headaches,  ii,  153 
Thalamus,  central  pain  and,  ii,  611 

optic,  ii,  608 
Thinking,  logical,  i,  85 
Thomsen's  disease,  ii,  136 

inheritance  of,  i,  35 
Thought,  rational,  i,  85 
Thrombosis,  cerebral,  ii,  468 

sinus,  as  cause  of  choked  disk,  ii,  715 
Thumb  sucking,  i,  105 
Thyroid,  i,  469 

in  cretinism,  i,  490 
Thyroidectomy,  methods  of,  i,  479 
Thyroid  in,  i,  485 
Tic,  convulsive,  ii,  179 

doloureaux,  ii,  532 

speech,  ii,  510 
Tics,  ii,  176 


Tics  of  speech,  ii,  179 

Tolerance  of  carbohydrates,  i,  495,  499 

Torticollis,  ii,_180 

Touch,  superficial  and  deep,  ii,  70 

Tower  skull,  ii,  719 

Toxemiiis,  ii,  159 

Toxic  psychoses  in  army  life,  i,  779 
Training  in  complicated  feeble-minded- 
ness,  i,  184 
in  concrete,  importance  of,  i,  178 
to  do  things,  i,  178 
of  feeble-minded  ataxics,  i,  185 
cretins,  i,  188 
epileptics,  i,  185 
hemiplegics     and   diplegics,  i, 
185 

hydrocephaUcs,  i,  180 
microcephalics,  i,  186 
mongolians,  i,  186 
in  habits,  i,  178 

of  higher  grade  defectives,  i,  179 

cf  low-grade  defectives,  i,  179 

progressive,  i,  181 

of  smell,  i,  183 

in  speech,  i,  189 

of  taste,  i,  183 

of  touch,  i,  183 

use  of  rhythm  in,  i,  182 
Transference,  i,  374,  375,  397 
Transition  phases  in  manic-depressives, 
i,  555 

Transvaluation  of  values,  i,  353,  362 
Trauma  defined,  i,  417 

psychic,  i,  421 
Traumatic  epilepsies,  ii,  266 

neuroses,  i,  417 

psychoses,  i,  417,  455 
Travel,  pseudotherapy,  i,  543 
Tremor,  ii,  618 

Tremors,  famiUal,  inheritance  of,  i,  35 
Trepanation  of  sella  turcica,  ii,  744 
Trephining,  history  of,  ii,  697,  698,  699 
Treponema  pallidum,  ii,  343 
Trial  and  error,  i,  68 
Trismus,  ii,  191 
Trophoneuroses,  i,  503 
Truancy,  i,  64 
Try,  try,  again,  i,  69 
Tuberculoma,  ii,  728 
Tuberculosis,  prevention  of,  i,  835 
Tuberculous  meningitis,  headache  in,  ii, 
155 

neuritis,  ii,  40 
Tumescence,  i,  103 
Tumor,  brain,  ii,  156 

cerebellar,  ii,  643 

cerebri,  as  cause  of  choked  disk,  ii, 
712 

operations   for  special  indica- 
tions, ii,  724 
Tumors,  basal,  as  cause  of  choked  disk, 
ii,  712 
bony,  of  spine,  ii,  772 
of  brain-stem,  ii,  647 
of  cerebellopontine  angle  as  cause  of 
choked  disk,  ii,  712 
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Tumors,   cortical,   as   cause  of  choked 
disk,  ii,  714 
cysts  of  hypophysis  as  cause  of 

choked  disk,  ii,  712 
extracerebellai',  ii,  647 
ext  rathu-al,  ii,  596 
of  fourth  ventricle,  ii,  647 
intradui-al,  ii,  597 
intramedullary,  ii,  598 
malignant,  dangers  from,  ii,  747 
meningeal,  ii,  597 
of  pineal  gland,  ii,  745 
of  posterior  fossa,  as  causes  of  choked 

disk,  ii,  712 
of  spinal  cord,  ii,  594 

dura,  ii,  773 
vertebral,  ii,  594 
Types  of  attention,  i,  83 

of  mental  diseases  in  new  immigra- 
tion, i,  273 
Typhoid,  collapse  delirium  in,  i,  525 
neuritis,  ii,  39 


U 

Ulcers  of  nerves,  ii,  67 
Ulnar,  hand,  ii,  67 

nerve,  ii,  95 

injury  to,  ii,  67 
Unconscious,  i,  361,  362 

in  hysteria,  i,  355 
Ungraded  classes,  i,  178 
Union  spirits,  i,  306 
Unit  segregation,  i,  27 
Unstable,  the,  i,  235 
Unverricht's  myoclonus  epilepsy,  ii,  219 


V 

Vagus  nerve,  ii,  88 

Vascular  crises  of  splanchnic  area,  ii,  435 

Vasectomy,  i,  116,  205 

Vasomotor  disturbances  in  brain,  i,  418 

Veins  in  diploe  and  internal  table,  ii,  719 

Ventricle,  tumors  of  the  fourth,  ii,  647 

Vertebral  tumors,  ii,  594 

Vertigo,  ii,  708 

cerebellar,  ii,  635 
Virchow-Robin  spaces,  ii,  313 
Visuals,  ii,  482 
Vomiting,  ii,  708 


W 

Wau,  mental  disease  and,  i,  800 

Wassermann  reaction,  ii,  423 

jn  cerebrospinal  fluid,  ii,  761 
in  K^philis  of  nervous  system, 
ii,  310 

Weber,  syndrome  of,  ii,  616 
Weir  Mitchell's  disease,  i,  515 

treatment  of  hysteria,  i,  350 
of  neurasthenia,  i,  344 
Weismann  on  acquired  characters,  i,  25 
Wet  brain,  i,  315 
Will,  education  of,  i,  98 

essentials  of  valid,  i,  732 
impairment  of,  i,  97 
mental  capacity  necessary  to  revoke, 
i,  732 

in  relation  to  behavior,  i,  95 
Wish,  fulfihnent,  i,  386 
Witness,  mental  capacity  of,  i,  738 
Word-association  method,  i,  396 
Word-blindness,  Bastian's  suggestions  for 

treatment,  ii,  496 
Work,  i,  90,  837 

must  be  productive,  i,  443 
Workingmen,  compensation  laws  of,  in 
Germany,  i,  445 

protection  of,  i,  438 
"Worm-fit,"  ii,  226 
Writ  de  idiota  inquirendo,  i,  720 

de  lunatico  inquirendo,  i,  720 

of  habeas  corpus,  i,  747 
Writer's  cramp,  i,  460 
Writing  centre,  ii,  478 
Wry-neck,  ii.  See  Torticollis. 


X 


"X"  CHROMOSOMES,  i,  24 

X-ray,  ii,  718 


Z 


ZiMMERWN  type  of  myopathy,  ii,  127 
Zwangsneurose,  i,  408 
Zygote,  i,  26 


